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FOREWORD

Full scale tests of underground and earth-covered loading and response systems sub~
jected to the effects of nuclear weapons were made during the periodof 1951 through
1958. Much of this data has been scattered through classified and unclassified [it-
erature without any previous attempt at correlation or cross reference purposes for use
by researchers in the field of structural dynamics and weapons effects testing.

This document includes, in one volume, all available pertinent data arranged in

order of test operation, but cross reference indexed by functional categories. Each
entry includez project and structure identification, cross reference listing, report
references, project objectives, structural descripiion, structural details, soif chor=
acteristics, shot information, the test layout, loading data, a summary, other remaorks,
and subsequent testing. This information is then correlated in a series of charts de -
signed to show quickly and graphically the relation between simiiar tests, and so
arrgnged that positive trends in structura! response become apparent. A general dis-
cussion ond recommendations are presented. Maps of the Eniwetok Atoll and the
Nevada Test Site are included to facilitate structure lacation.
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PART |

Summary of Loading and Respense Systems

The following matericl is an enumeration and brief description of each test
conducted on underground and earth-covered systems subjected to the effects
of nuclear weapons during full=scale test operations conducted from 1951 to
1958. A discussion and correlation of the tests is included as Part 2 of thi;

report.
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OPERATION:  Greenhouse
PRCJELCT: 3.1
STRUCTURE [IDENTIFICATION: 3.1.3

CROSS REFERENCE IMDEX:
EARTH-COVERED AND SEMI-BURIED COMNCRETE — Semi-Buried
Cast-In-Place Box and Precast Concrete Pipe Sections ( as part of com-
posite shelter )
EARTH-COVERED AND SEMI-BURIED STEEL — Corrugated Steel
Pipe Sections ( as part of composite shelter )

REPORT REFEREMNCES:
WT=-94, WT-118, WT-117, WT-118, wT-64]
Defense Atomic Support Agency
Washington 25, D.C,

LOCATION: Janet { Engebi )
Eniwetok Proving Grounds

OBJECTIVES:

To test the response of the structure ( 3.1.3 ) fo dynamic loads produced by an atomic
bomb in order to verify parameters for use in the application of dynamic-plastic theory
to the design ond evaluation of structures to resist atomic blast,

STRUCTURAL DESCRIPTION:

The buried structure consisted of a poured-in-place reinforced concrete section { Unit
A}, several precast reinforced concrete sections ( Units B, C, and D } and & ~orrugated
metgl pipe section (Unit E}. The povred-in-place shelter waos designec using conser-
vative assumptions for the transmission of the blast force through the earth. The first
precast section { Unit B } was designed using the same loading assumptions adopted for
the design the poured-in-place section. The load-carrying capacity of precast Unift
C was orbi- arily reduced below that provided in Section B, and the strength of Unit D
was further reduced by an arbitrary amoun—. The corrugated-steei pipe section { Unit E )
was a standard steel pipe having such o small lood capacity that its use could not be
justified on the basis of the assumptions used for the design of the other units. The pur-
pose of the underground test was to determine how to design vnderyround sheiters and




to zrovide information on the transmission of blast pressures through :oil.

UNIT A
Solid reinforced concrete, 1'-0" thick
8'-0" high, 8'-0" wide, 18'-0" long
Subdivided by plywood partitions into two cir locks

UNIT B
Two 4'-0" reinforced concrete pipe sections
8" thick, 8'-6" 1.D,
Reinforcing — 5/8"@ @ 4" o.c.

UNIT C
Two 4'-0" reinforced concrete pipe sections
8" thick, 8'-6" [.D,
Reinforcing — 3/4" ¢ @ 4" o.c.

UNIT D
Two 4'-0" reinforced concrete pipe sections
8" thick, 8'~4" I.D,
Reinforcing — 1/2'@ @ 6" o.c.

UNIT E
8'-0" long, 10 gage corrugoted metal pipe — 7'-0" 1.D,
Circumference — 4 pieces lapped 4 3/4" and connected
by two lines of 3/4" round bolts

STRUCTURAL DETAILS:
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SOIL CHARACTERISTICS:
Dry sand and grave! to a depth of six feet and loose suturaied sund from six feet o

twenty-five feet.

PREVIOUS TESTING: None

SHOT:
Name: "Easy"
Type: Tower
Yield: 46.7 KT
Height of Burst: 300 feet
Date: 20 April 1951
TEST LAYOUT:
=== S
o = &
§ £ 4000 ¥
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-
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LOADING:

Shot "Easy": { Overpressure on earch surfaoce)

Peck Overpressure: 60 psi
Duration: 300 msec
SUMMARY':

There wes insignificant domage for shot "Easy”

The cost-in-place section consisted of a box with one=foot-thick reinforced-concrete
members for the walls, roof, and floor. This portion of the structure was designed to
act elastically under full theoretical air blast pressure. As expected, this unit showed
no evidence of plastic deformation, and it would hove afforded complete protection to
personnel inside it during the explosion.

The three precast sections were designed with varying strengths in an gttempt ti insure
plastic action in at legst one of them. None of these precost sections suffered damage
that could be determined by visual inspection.

In spite of the very light metal used in the corrugated pipe section of the shelter, no
permanent plastic deformations were observed.

OTHER REMARKS:

Sections of the underground structure were provided with different strengths ranging from
that required for full air blast pressure to arbitrarily weoker sections designed to anfici=
pate larger plastic deflections or failure. [t can be assumed from the absence of damage
or large distortions in the weaker sections of the underground test structures. that the
effective pressures exerted against the underground structures were much less than ex~
pected; and that the actual conditions regarding arch action, shear strength, and be-
havior of soil were signifizently different from the pre-test analysis assumprions.

SUBSEQUENT TESTING:
During Operation Ivy, this structure was subjected fo air blast overpressures from shots
"Mike" and "King". WT-641 contains a description of damage:

Shot:
Name: "Mike" "King"
Type: Tower Air
Yield: 14 MT -—-
Height of Burst: 20 feet 1480 feet
Date: 31 Oct 1952 15 Nov 1952
Range: 17,060 feet 54,600 feet
Qverpressure: 1B psi Q.42 psi

Remarks: Structurally undamaged, surface on vent pipe charred on side
facing GZ, doors remaved prior to test, wood-frame air lock
destroyed.



OPERATION:  Creenhouse
PROJECT: 3.2
STRUCTURE IDENTIFICATION: 3.2.4a

CROSS REFERENCE INDEX:
EARTH-COVERED AND SEMI-BURIED CONCRETE — Semi-Buried
Precast Concrete Magazine { Gable )

REPORT REFERENCES:
WT-23, WT-24, wWT-91, WT-117
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Janet ( Engebi )
Eniwetok Proving Grounds

CBJECTIVES:

To test the design of an earth ~covered precast-concrete structure for use as a magazine,
storage, or personne! shelter; to obtain a comparison of the performance of on earth~
covered structure with an uncovered structure { Greenhouse 3.2.4b }.

STRUCTURAL DESCRIPTION:
Structure 3.2.4a was a precast-concrete magazine of rigid frame panels with two feet
of earth cover.

pETAIL "C"
-2-0" EARTH COVER

)
STRUCTURAL DETAILS: %
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SOIL CHARACTERISTICS:
Sand overburden to a depth of five feet, conglomerate from five feet fo six feet, and
loose sand and coarse gravel from six feet to sixteen feet.

PREVIOUS TESTING: None

SHOT:
Name: "Easy"
Type: Tower
Yield: 46.7 KT

Hzight of Burst: 300 feet
Date: 20 April 951




TEST LAYQUT:

10



LOADING:
Shot "Easy": ( Predicted peak overpressure of 20 psi )

Main Pulse:

Side-on Overpressure: 14,5 psi

Rise Time: 109 msec
SUMMARY':

It was predicted that greatest damage would accur in fremes ot the crown of the roof.
Cracks at haunches were anticipated .

The earth cover on Structure 3.2.4a, especially the heavy embankments against the
vertical faces of the side walls, caused the structure to respond in a manner slightly
different from the predictions. It was thought that the pressure loading would produce
a response similar to that obtained in an uncovered arch type structure, namely a slight
flattening out of the windward panels with tension stresses on the inside and compressive
stresses on the outside, as well as u tendency to squash the ieseward panels with tension
on the outside and compression on the inside. However, the flat sloping roof portion of
the windward panels received a heavier load than the vertical face; and the sloping
portion attempted to move downward, introducing large moments at the knee of the
ponel with consequent cracks on the outside of the knee and none on the inside. On
the leeward wall panels, tension cracks appeared on the inside foce near the base and
also at the fold lines. The end panels that remained in place developed shear stresses
and cracks, as predicted, and to just chout the extent predicted.

OTHER REMARKS:

A companion structure { 3.2.4b ) without earth cover subjected to 11.0 psi suffered
complete collapse of the end walls. The rear and center panels of both end walls
failed and were hurled to the center of the building. The front panels of each end
wali were domaged beyond effective use, but were still in place with large deflections.
The end wall panels adjocent to the windward side of the building received medium
damage in those panels having ribs outward. The panels having skin cutward were
damaged only in the rib, this damage being moderate. The rear panels sustained minor
cracking.

SUBSEQUENT TLSTING:
Similar structures were tested in Operation Upshot-Knothole Project 3.13 (WT =729 ),
See text page 67.




QPERATION:  Greenhouse
PROJECT: 3.2
STRUCTURE IDENTIFICATION: 3.2.4

CROSS REFERENCE INDEX:
EARTH-COVERED AND SEMI-BURIED CONCRETE — Semi~Buried

Precost Concrete Magazine ( Dome )

REPORT REFERENCES:
WT-23, WT-24, WT-91, WT-117
Defense Atomic Support Agency
Washington 25, D.C,

LOCATION: Janet ( Engebi )
Eniwetok Froving Grounds

OBJECTIVES:
To test the design of an earth-covered precast-concrete dome structure for use as a

magazine or personne! shelter.

STRUCTURAL DESCRIPTION:
Structure 3.2.6 was a dome shaped precast-concrete Navy magazine with two feet of
earth cover.

J ~2-0" EARTH COVER
|

STRUCTURAL DETAILS:
pETAIL "B" >

-t

SECTION A-A DETAIL A
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SOIL CHARACTLRISTICS:

Loose fine sand to a depth of 12 feet; compacted coarse gravel and coral from 12 feet
to 14 feet; and loose sand, gravel, and coral from 14 jeet to 24 feet.

PREVIOUS TESTING: None

SHOT:
Name: “"Easy"
Type: Tower
Yield: 46.7 KT

Height of Burst: 300 feet
Date: 20 apnl 1951



TEST LAYOUT:
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LOADING:

Shot "Easy™: { Predicted peak overpressure of 14.5 psi )
Main Pulse:
Side-on Overpressure: 12 psi
Rise Time: 40 msec

SUMMARY:

The structure suffered enly minor damage ( permanent vertical deformations of 3/4"
maximum } under the applied loading. Slight displacement of panels occurred relative
to each other. Most of the earth cover remained in place; however, the middle sec~
tion of the earth was thrown out. The door to the structure was slightly deformed, but
the wing walls were undamaged. Failure in the panels of this structure wos limited to

a plastic change af some joints. 'rregularities in casting and shrinkage caused the panels
to bear on each other at the corners. Further, column action of the ribs in the vertical
plane during vertical deflection and of the ribs in the horizontal plone during wracking
caused plastic strains ot the intersactions.

QTHER REMARKS:

There was no attenuation of pressure in the tweo feet of cover on top of Structure 3.2.6.
However, decreased pressures were observed on the walls, depending upon amount of
cover.

SUBSEQUENT TESTIMNG:

This particular structur: was uncovered and subjected to similar |oading during Shot
"ltem". Similar conditions of range and pressures existed; however, the structure was
severely domaged. Four of the lower panels on the side of the structure focing the
shot were demoiished.



OPERATION:  Buster-Jangle
PROJECT: 3.2
STRUCTURE IDENTIFICATION: 3.13

CROSS REFERENCE INDEX:
MISCELLANECUS STRUCTURES — Buried Reinfe ced Concrete Box
{( Open Top )

REPORT REFERENCE;:
WT-387
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:
To provide data for the analysis and design of heavy underground structures to resist
impulsive loacs.

STRUCTURAL DESCRIPTION:

Structure 3.13 wus a buried reinforced concrete open box designed to resist high earth
pressures on its frent and rear walls.  The outside dimensions were 25 feet by 25 feet,
and the front and rear walls were 5 feet thick. The ton of the structure was placed
7.5 feet below ground level.

STRUCTURAL DETAILS: ( See Page 17)

SCIL CHARACTERISTICS:

The natural soil consisted of a conglomerate referred to as "caliche”. The moisture
content was negligible. The average density of the undisturbed soil was 95 pef; and
after compactics:, the average density was 103 pef.




STRUCTURAL DETAILS:
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PREVIOWS TESTING:
A similar but not identical structure was tested at Dugway Proving Giound, Utah. The

Dugway structure had a 3 feet 4 inch thick rear wall. However, this was thickened for
Operation Jangle because the rear wall failed in the Dugwav test.

SHOT:
Nome: "Uncle®
Type: Underground
Yield: 1.2KT
Depth of Burst: 17 feet—scaled depth— A _=0.13
Date: 29 Nov 1951 ¢

TEST LAYOQUT:

\ STRUCTURE 3.13




LOADING:
Shot "Uncle':
Ne cir pressure measured
Earth pressure ~ foo low for measurable structural response

SUMMARY :

The buried concrete box structure was placed at the same scaled distance as for a similar
structure at the full scale dry clay test ot Dugway, Utah. A similor one in the latter
test was severely damaged, and it was suggested that placing it at the seme scaled dis-
tance in the Jangle test would cause moderate damuge to the structure. Authoritative
predictions of the crater size were not available prior fo construction; so no attempt
was made to place this structure adjacent to the crater, which would have resuited in
significant damage, as demonstrated by the Dugway tests.

The structure was undamoged.

OTHER REMARKS:

The structure was instrumented to measure load and response. Unfariunately, most of
the transient records were lost due to o recorder failure. In addition, the structure
responded essentially elastically so that little positive information was obtained from
the permaneni measurements.

SUBSEQUENT TESTING:
Two structures of this type, but of different dimensions were included in Operation
Teapot, Project 3.3.2 (WT-1126 ). (See text page 87.)




OPERATION:  Buster—Jangle
PROJECT: 3.3

STRUCTURE IDENTIFICATION:
3.21¢l, 3.21 b1, 3.21 ¢1, 3.21 d1, 3.21 el, 3.21 1, 3.21 @2,
3.21 b2, 3.21 c2, 3.21d2, 3.21 €2, 3.21 2

CROSS REFERENCE INDEX:
MISCELLANEQUS STRUCTURES — Buried Steel and Reinforced Con-
crete Cells { Open Top)

REPORT REFERENCES:
WT=405, Vol. |
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION:  Yucca Flat
Nevada Test Siie

OBJECTIVES:

To obtain o quantitative estimate of the damage which would be sustained by submerged
cellular structures of square or rectangular design as o result of an underground explos-
jon and to determine whether such structures are satisfactory for use as underground
protective shelters.

STRUCTURAL DESZTRIPTICN:

Six pairs of square cells were constructed for the Operation { 3,21 ol ond 3.2% a2
through 3.21 fl and 3.21 f2). Cells 3.2} & through 3.21 fI were all 850 fcet from
ground zero, while cells 3.21 a2 through 3.21 {2 were 725 fest from ground zera. All
cells were the same height, 8 feet, and all vere placed with their upper ends flish
with the ground surface. Wall thickness was the same for a given cell, and remoined
constant with depih. Structures 3.21 ol and 3.21 a2 were made of 12 gnge sheet steel
while the remaining cells were constructed of reinforced concrete.,
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STRUCTURAL DETAILS:
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3.21 dal and a2 — Light Metal Steel Cell
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3.21 dl and d2 — Reinforced Concrete Cell
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3.21 el and e2 — Reinforced Concrete Cell
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SOIL CHARACTERISTICS:

Visual inspection of several open cuts at tho test site showed o wide range in the grain
size of the soil, Alternate bands of coarse gravel and graded sand were seen to extend
from the surface to a depth of 12 to 15 feet. At this depth there wos u band of caliche.
There is o wide range in soil grain size within the rather shaliow depth of 10 feet,

PREVIOUS TESTING: None

SHOT:
Nume: "Uncle"
Type: Underground
Yield: 1.2KT
Depth of Burst: 17 feet
Date: 29 Nov 1951

TEST LAYQUT:

Structures 3,21 ol, 3.21 b1, 3.21 cl, 3.21 dl, 3.21 el and 3.2} f1 were all 850 feet
from ground zero. Structures 3.21 a2, 3.21 b2, 3.21 ¢2, 3.21 d2, 3.2]1 e2 and 3.2} {2
were 725 feet from ground zero. Each structure was aligned with its front face perpen-
dicular to o ray extending from ground zero.

LOADING:

On about 80 percent of the records there is almost no evidence of greund=trunsmitted
earth pressura. Even the few traces which can be identified as ground-transmitted
pressure do not exhibit properties characteristic of o propageting wave.

SUMMARY :
The structures were instrumented to measure earth pressures, radial accelerations, verti-
cal accelerations, and displacements { relative between front und rear walls j.

It was predicted that the cells located at 725 feet would sustain considerable dameage,
while those at 850 feet would be damaged very little.

No damege fo the concrete cells resulted from either ground or air blast and the ground
shock was only o sme!l fraction of its predicted value.

The walls of the metal cells were observed to have bowed inward as much as 9 inches

at the top end 4 inches at the center. However, considerable difficulty was encounter-
ed during the consiruction period in attempting to keep the cells from deflecting ex~
cessively under the static soil pressures and it was not pessible to determine, by visual
examination alone, what portion of the observed displacement was caused by the explo-
sion,

OTHER REMARKS:
Pressure records show that the sarth loads which resuit from impingement of a ground-
transmitted disturbance mav be wholly inconsequential.  The nature of the medium and

27



the depth and dynamic properties of the disturbing scurce can groatly offcet the charac-
teristics of the propagation. Under conditions of burial depth, energy yield, and soil
type approximating this experiment, it is safe to conclude that shaliow buried reinforced
concrete cells will remain undamaged unless they are near the source..

Pressure loads were so low that even structures far weaker than the square cells would
have sustained no damage.

SUBSEQUENT TESTING: None
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OPERATION:  Buster-Jangle
PROJECT: 3.3
STRUCTURE IDENTIFICATION: 3.22al, 3.22 a2, 3.22 b1, 3.22 b2

CROSS REFERENCE [NDEX:
MISCELLANEQUS STRUCTURES — Buried Corrugated Iron and Rein-
forced Concrete Cells { Open Top )

REPORT REFERENCES:
WT-405, Vol. |
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Yvucca Flat
Nevada Test Site

OBJECTIVES:

To furnish information on the vulnerability of tunnels, subways, underground conduits,
piping, etc., to loads imposed by underground explosions and to determine the suit-
ability of struciures of circular design for use as protective shelters.

STRUCTURAL DESCRIPTION:

Four circular cells and three tunnel sections were constructed for the operation. Three
of the circular cells had 6 inch thick concrete walls, doubly reinforced. The fourth
was made of 8 goge corrugated steel sheet, All cells were oriented with their longi-
tudinal axis vertical and had heights and outside diameters of equal dimensions, 10 feet.

STRUCTURAL DETAILS: { See Page 30)

SOIL CHARACTERISTICS:

Visual inspection of several open cuts at the test site showed a wide range in the grain

size of the soil. Alternate bands of coarse gravel and graded sand were seen to extend
from the surface to a depth of 12 to 15 feet. At this depth there wes o band of caliche.
There is a wide range in soil grain size within the rather shallow depth of 10 feet.
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PREVIOUS TESTING: None

SHOT:
Name: "Uncle®
Type: Underground
Yield: 1.2 KT
Depth of Burst: 17 feet
Date: 29 Nov 1951



TEST LAYOUT:

structure

3.22 al
3.22 a2
3.22 bl
3.22b2

LOADING:

Details of Circulor Cells

radial di:tunce
from explosion

material ( feet )
Corrugated Steel 375
Corrugated Steel 525
Reinforced Concrete 525
Reinforced Concrete 375

depth of earth
covering sfructure

( feet )

None { upper end of
3.22 cells flush with

surface )

The earth pressure records indicate the total gbsence of an earth pressure wave.

SUMMARY :

The cells sustained ne structural damoge.

SUBSEQUENT TESTING:  None
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OPERATION:  Buster-Jangle
PROJECT: 3.3
STRUCTURE IDENTIFICATION: 3.230, 3.23b

CROSS REFERENCE INDEX:
BURIED CONCRETE — Precast Concrete Pipe Sections

REPORT REFERENCES:
WT-405, Vol. |
Defense Atomic Support Agency
Washington 25, D,C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:

To furnish information on the vuinerability of tunnels, subways, underground conduit:
piping, etc., ta loads imposed by underground explosions; and to determine the suit
ability of structures of circular design for use as proteciive shelters.

STRUCTURAL DESCRIPTION:

The three tunnel sections, cll alike, had 6inch concrete walls reinforced at mid-
thickness with 1/2 inch round bars ai 4 inches on center. The tunnel sections were
24 feet long, 7 feet in outside diameter, and had their longitudinal axis horizontal.

STRUCTURAL DETAILS: ( See Page 33)

SOIL CHARACTERISTICS:

Visual inspection of several open cuts at the test site showed a wide range in the grain
size of the soil. Alternate bonds of coarse gravel and graded sand were seen to extend
from the surface to a depth of 12 to 15 feet. There was a wide range in soil grain size
within the rather shallow depth of 10 feet.
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STRUCTURAL DETAILS:
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PREVIOUS TESTING: None

Buried Concrete Pipe also included in Operation Buster-Jangle Project 9.1

{ Structure 9.1 b ).

SHOT:
Name:
Type:
Yield:
Depi'h
Date:

TEST LAYOUT:

structure

3.23 al
3.23 a2
3.23 b1

"Uncle"
Underground
1.2 KT
17 feet
29 Mov 1951

of Bursf:

Details of Tunnel Sections

radial distance

material from explosion
{ feet )}
Reinforced Concrete 350
Reinferced Conciete 525
Reinforced Concrete 350

depth of earth
covering structure

(feet)

0w
[ -
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LOADING:

The earth pressure records indicafe the total absence of an earth pressure wave., Test
records indicate that the magnitude of the cir blast induced earth pressure is quite sub-
stanticl, ottaching velues of about 20 psi.

SUMMARY '+

The test results have indicated that underground structures of circuiar cross-section
located 2 to 4 crater radif from ground zero are almost invulnerable to the earth-trans=
mitted effects which follow detonation of smail nuclecr weapons buried at shallow depths.,

OTHER REMARKS:

The values of air blast induced ground pressure given on test records do not furnish g
relioble means of estimating the compressive load to which the tunnels were subjected.
Only a lightiy constructed wooden door offered resistance to penetration of the struc-
ture by the shock wave. Hence, when the wave passed, it diffracted into the structure
loading the inside surfoces and reducing the unbalanced structural load.

SUBSEQUENT TESTING: None
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OPERATION:  Buster-Jungle
PROJECT: 2.1
STRUCTURE IDENTIFICATION: 2.1g

CROSS REFERENCE [INDEX:
EARTH-COVERED AND SEMI-BURIED STEEL — Earth-Covered
Carrugated Steel Arch Sections

REPORT REFERENCES:
WT-359
Defense Atomic Support Agency
Washington 25, D.C,

LOCATION: Yucca Flat
Nevada Test Site

CBJECTIVES:
To develop information on the degree of protection from atomic explosions afforded by
simple structures: covered trench, metal arch, wood arch, and basement lean-to.

STRUCTURAL DESCRIPTION:

A total of 29 structures were tested. Eighteen of the structures were prefabricated
woed, carth~covered french sheltess; Four were wood-arch sheliers; two were basement
fean-to shelters; and five were earth-covered corrugated metal arch structures. Only
the corrugated metal arch structures are discussed below.

One complete metal-arch shelier (b=1) was included in the test, built in accordance with
plans prepared b, the Lehigh University Institute of Research. [t consisted of @ 12

gage corrugafed metai arch roof, 5 feet 6 inches in diameter, resting on concrete

block walls. The arch was covered with three feet of earth cover.

Four other metal-arch sections of similar spon were included:

b-2 12 gage 2 feet earth cover Concrete Footing
b-3 16 gage 2 feet earth cover Concrate Footing
b-4 16 gage 3 feel earth cover Concrete Footing
b-5 12 guge 3 feet earth cover Concrete Footing
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STRUCTURAL DETAILS:

SOIL CHARACTERISTICS:

Yucca Flat is on alluvium-filled vatley. The olluvium varies in character from clay
and sil¢~sized particles to cabbles and boulders. The compesition of this material is
chietly limestone ond volcanic tuff with smaller amounts of other veleanics, quartzite,
conglomerate and sandstone. The alluvium is poorly consolidated except where the
parficles are cemented by caliche or where beds of caliche exist. Density of the
alluvium vories from 1.3 to 1.8 kilograms per liter,

After being disturbed, the soil had practically no cohesive properties. The low cokesive
value of the material used in backfilling made it difficult t~ compact the earth cover on
the structures. It wos also impossible to protect shove~ground entrance construction
becguse of the tendency of the material to flow Freely. Intermittant showers two days
before the first explosion contributed little to the stability of the eorth cover. Since

no special provisions were token to compact backfill, the siructures were subjected

to unusually severe test conditions.

PREVIOUS TESTING: None

SHOT:
Nome: "Baker" “Charlie" "Rog"
Type: Air Air Air
Yield: 3.5KT 14 KT 2L KT
Height of Burst: 1118 feet 1132 feet 1417 feet
Duate: 28 Oct 1951 30 Oct 1951 1 Nov 1951
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TEST LAYQUT:

Shot "Baker" Shot "Charlie” Shet "Dog"
distanca siant distance slant distance siant
from GZ  range from GZ  range from GZ  range

b-1 1272 1494 1360 1769 1256 1874
b-2 1275 1696 1361 1770 1257 1824
b-3 1277 1698 1363 1772 1258 1895
b-4 1280 1700 1363 1773 1258 1895
b-5 1282 1704 1367 1775 1259 1894

LOADING:

( QOverpressures at structure )
The only loading information avoilable is peak overpressure. These are as follows:

Shot “"Baker"
Shot "Charlie™
Shot "Dog"
SUMMARY :
Skot "Baker”

shelter b-1

shelter b-2
shelter b-3
shelter b-4
shelter b-5
Shot "Charlie®

shelter b-1

shelter b-2

shelter b-3

shelter b-4

7.9 psi
14.8 psi
14,7 psi { estimated )

Damage

Heavy Damage. End section pushed in at bottom. Arch twisted
8" to 12" out of line but infact. Entrance almost impassable —
folded. Cover reduced 18" to 24".

Arch twisted. Cover reduced 15" to 18",

Cover remaining 6" to 9". Mo damage.

Cover remgining 9" to 12", No damage.

Cover remaining 9" to 12". No domage.

Domage

Complete Destruction. End section and entrance demalished.
Shelter filled with material .

No change in position of arch; arch completely stripped; some
soil blown in open end.

End wall uncovered ond opened up. Particlly filled with soil;
practical ly all cover removed.

Arch twisted; end section demalished; practically all cover
removed.
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shelter b-5

Shof "DGQ"

shelter b-1

shelter b-2

shelter b3

shelter b-4

shelter b-5

OTHER REMARKS:

No change in arch; partly filled with soil; practically all cover
removed.

Damage

Complete Destruction. No change; structure completely
stripped.

Arch tilted away from ground zero; end section demolished;
partially filled with material.

Arch tilted away from ground zero; end section demolished;
completely filled with material.

Arch tilted towords ground zero; end section demolished;
partly filled with soil,

End section demolished; completely filled with soil.

The structural instrumentation used did net provide significant data for any analytical
response considerations. Because the ends of the arch sections were open, significant
build-up of internal pressures occurred; thereby cutomatically increasing the resistance
of the structures. These sfructures were not repaired after each tast,

SUBSEQUENT TESTING:
Similar structures were tested in Operation Upshot~-Knothole, Project 21.1 (WT-801 ).

See text page 74.
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OPERATION: Buster-Jangle
PROJECT: 2.1
STRUCTURE IDENTIFICATION: ¢.1b

CROSS REFERENCE INDEX:
BURIED CONCRETE — Concrete Pipe
BURIED STEEL — Corrugated Steel Pipe

REPORT REFEREINCES:
WT-360
Defense Atomic Support Agency
Washingten 25, D.C.

LOCATION: Yucca Flat
Mevada Test Site

OBJECTIVES:

To determine the effects of several atomic air bursts {os related te blast, radiation, and
thermol hazards to personnel) on o shelter constructed of conventional materials and
buried under chout three feet of earth,

STRUCTURAL DESCRIPTION:

The test structure was constructed of 24 feet of standard centrifugally spun reinforced
concrete pipe [ three 8 foot lengths, 90 inch inside diameter, 7 3/4 inch shell thick~
ness ); o poured-in-place reinforced concrete double ramp entrance; 24 feet of ingot
iran corrugated multiplare pipe ( four 6 foot lengths, 90 inch inside diameter, 10 gage);
and a 10 goge and 12 gage corrugated metal sheet and structural steel double ramp
enfrance. These materials were joined =t the center to form a 48 foot lony { e-clusive
of ramps ) 4B~person capacity shelter. Three feet and 3 feet 8 inches of earth were
placed over the concrete and metal pipe respectively, mounded about 2 feet above
normal grade aver the principal axis of the pipe, and sloped ot about 1 in 10.

STRUCTURAL DETAILS: (See Page 40)

SOIL CHARACTERISTICS:

The alluvium in Yucca Flat varies in character from clay and silt-sized particles, to
cobbles ond boulders, The composition of this moteiTal is chiefly limestone and
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STRUCTURAL DETAILS:
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volcanic tuff with smaller amounts of other volcanins, guartzite, conglomerate and
sandstone . The alluvium is poorly consolidated except where the particles are cement-
ed by caliche or where beds of caliche exist. Density of the alluvium varies from 1.3
to 1.8 kilograms per liter; that is, 88 to 112 pounds per cubic foot. There were no
determinations made of the cohesive properties of the soil either before or after it was

disturbed.

The soil at the location of the AEC Communal Shelter was predominantly of silt-sized
particles, of very low moisture content, and difficult to compact, The material showed
a pronounced fendency to flow freely, which characteristic caused the progressive
flattening after each shot of the mounded earth cover over the shelter with a resultant
loss in shielding against initial nuclear radiation. The test operations did not permit
the replacement of earth cover removed by each explosion, nor the removal of soil
which flowed down the ramps and into the open ends of the shelter.

PREVIQOUS TESTING: None

SHOT:
Name: “Baker" "Charlie" "Dog" "Easy "
Type: Air Air Air Alr
Yield: 3.5KT 14 KT 21 KT 31.3KT
Height of Burst: 1118 feet 1132 feet 1417 feet 1314 feet
Date: 28 Cct 1951 30 Oct 1951 1 Nov 1951 5 Nov 1951

TEST LAYQUT:

BUSTER SHOTS

162 N-99'W T
. 2}

MO'N-13'W

N 850,423.59
E 688,688.77

PROJECT 9.1b
N 850,000
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LOADING:

Shot "Baker"

9.0 psi Peak overpressure af ground level
25.4 psi Average inside overpressure; 5 feet from center in concrete
section
32.1 psi Average inside overpressure; 5 feet from center in steel section
35.9 psi Average inside overpressure at center; 24 feet from ends

Shat "Charlie"

24.0 psi Peak overpressure at ground level
31 .7 psi Average inside overpressure; 5 feet from center in concrete
section
47 .5 psi Average inside overpressure; 5 feet from center in steel section
44.7 psi Average inside overpressure at center; 24 feet from ends
Shof nDogll
25.9psi Peak averpressure at ground level
30.7 psi Average inside overpressure; 5 feet fram center in concrete
section
35.2 psi Average inside overpressure; 5 feet from center in steel
(est.) sectien
38.7 psi Average inside overpressure af center; 24 feet from ends
Shot "Easy ™ {Loading data not available)
SUMMARY :

Shot "Baker" produced light damage and insignificant movement of earth cover. The

maximum vertical deflections were 1.14 inches for the metal pipe and 1.24 inches for
the concrete pipe. Permanent displacements were 0.44 inches for the metal pipe and
0.56 inches for the concrete pipe.

Shot "Charlie" removed a considerable amaunt of earth cover and large quantities of
soil flowed down the ramps and info the pipe ends. No damage was observed in the
metal pipe. The maximum vertical deflection was 0.74 inches, and an additional
permanent displacement of 0.16 inches was observed. The concreta pipe was un-
domaged. The maximum vertical deflection was 0.68 inches, and no additional
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permanent displacement was observed.

Shot "Dog" removed the remaining earth cover and filled the pipe ends to approxi~
mately 50 percent of their original area. The metal ramp was collopsed ond the struts
at the concrete ramp were damaged. Maximum vertical defiections were 2.72 inches
and 2.10 inches for the metal and concrete pipes respectively; and permanent dis-
placements were 0.60 inches and 0.93 inches in addition to the displacements produced
by the previous shots.

Shot "Easy" produced vertical deflections of 1,20 inches and 0.62 for the metal and

concrete pipe sections respectively; and additional permanent displacements were
0.37 inches and 0.07 inches.

Structural instrumentation consisted of indenter gages and vertical displacement gages.

OTHER REMARKS:
The structures were open; hence, considerable internal pressures developed. Response
under these conditions could be considerably different from closed shelters.

SUBSEQUENT TESTING:
None for this struchire. Structures of corrugated steel pipe sections were included in
the following:
Operotion Plumbbob, Project 3.2 (See text page 121.)
Opergtion Plumblub, Project 34.3 (See text page 171.)
Structures of concrete pipe sections were included in Operation Plumbbob, Project 3.2.
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OPERATION: vy
PROJECT: Test Support Station
STRUCTURE IDENTIFICATION: Station 200

CROSS REFERENCE [NDEX:
TEST SUPPORT STATIONS — Massive Reinforced Concrete Semi-
Buried Shelter

REPORT REFERENCES:
WT-641
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Irene ( Bogairikk I. )
Eniwetok Proving Grounds

OBJECTIVES: (Non-experimental structure)
Structure used for test support purpases, thus only visual past shot inspections were
made .

STRUCTURAL DESCRIPTION:

Massive reinforced concrefe semi-buried structure; walls 4 feet thick; roof 3 feet
thick; wall reinforcing 1/2% vertical and 1/4% horizontal in each face; roof slab
reintorced with steel | -beams over 14, 12, and  feet clegr spans.

STRUCTURAL DETAILS: (See text page 45.)

SOIL CHARACTERISTICS:

Coral sand. Fine fo coarse sand with some fine gravel .




PLAN

52-0"

PREVIOUS TESTING: None

SHOT:

N
Name: "Mike"
Type: Tower
Yield: 14 MT
Height of Burst: 20 feet
Date: 31 Oct 1952

T-WINGWALL

"King"
Air Drop

1480 feet
15 Nov 1952
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TEST LAYOUT:

E 60,000
E 70,000
E 80,000
£ 90,000
E 110,000

E 100,000

E

E 120,000
E 130,000
E 140,000

N 150,000 o &

L% ‘.A'F
£ “-
2

N 140,000 .15 - 'E“-Ez.,.h

N 130,000 " L

N 120,000

N 110,000 N

Ni100,000 KING &2 A

N 90,000

N 80,000

N 70,000

N 60,000

N 50,000 -7

N 40,000 e

N 30,000 B N ENIWE TIOK-
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LOADING:

{ Overpressure at ground surfuce )

Shot "Mike"
Precursor:
Main Pulse:

None

Rise Time — essentially zero
Peak Overpressure — 52 psi
Curation — Unknown

Shor (lK ;ngll
Precursor:
Main Pulse:

None

Rise Time — essentially zero
Peak Overpressure — 0.35 pst
Duration — Unknown

SUMMARY :

Heavy concrete wall with pipe inserts ot front of structure was badly dented, In rear
of structure a heavy steel beam was bent through 180°. A retaining wall wos separated
from structure but not severely damaged. No majoi structural damage .

OTHER REMARKS:

Measurements of earth pressure and deflection were not made for this test station;
hence, response data was collected by visual inspection for general information pur=-
poses only.

SUBSEQUENT TESTING:

This structure, also identified as Operation Castle, Structure 200; Qperation Redwing
Structure 1611; and Operation Hardtack, Structure 1314, was subjected to significant
overpressures in those operations.

Operation Castle Redwing Redwing Hardtack
Device cade name  "Nectar" "Seminole" "Apache" "Koa"
Location Eniwetok Eniwetok Eniwetok Eniwetok
Size of weapon 1.7 MT 13.6 KT 1.85 MT 1.38 MT
Height of burst Barge Surface Barge Surface
Distance from GZ 8,967 feet 1,217 feet 7,500 feet 5, 360 feet
Peak overpressure 20 psi 30 psi 30 psi 42 psi

Post shot conditions for each successive operation indicated little or no additional

damage .
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OPERATION: vy
PROJECT: Test Support Station
STRUCTURE IDENTIFICATION: Station 252

CROSS REFERENCE INDEX:
TEST SUPPORT STATIONS — Reinforced Concrete Semi~Buried
Shelter

REPORT REFERENCES:
WT-641
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION:  Yvonne ( Runit)
Eniwetok Proving Grounds

OBJECTIVES:
(Non-experimental structure). Structure used for test support purposes,

STRUCTURAL DESCRIPTION:
Reinforced concrete semi-buried structure; walls and roof 1 foot 2 inches thick with
1% main reinforcement for 13 feet clear span,

STRUCTURAL DETAILS.
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15-4"
1-g" 13-0" -2

4"

25-4"
230 - 0"

PLAN

SOIL CHARACTERISTICS:
Coral sand. Fine to coorse sand with some fine gravel.

PREVIOUS TESTING: None

SHOT:
Name: "Mike" "King"
Type: Tower Air Drop
Yield: 14 MT e
Height of Burst: 20 feet 1480 feet
Date: 31 QOct 1952 15 Nov 1952
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TEST LAYOUT:

N 180,000

g
g

E 60,000
E 70,000

{E 80,000

E 90,000

E 00,000

E 110,600
E 120,000

E 130,000

E 140,000

N 140000 .| ‘\
r NEMIKE G2

N 130,000 =

N 120,000 ;

< Hos000 ;

N 100,000 S
YVONNE —

N 90,000

N 80,000

N 70,000

N 60,000

N 50,000 °

N 40,000

N 30,000

ENIWEY

Ranges:

50

"Mike*
" King"

73,500 feet
5,500 feet




LOADING:

Shot "Mike"
Precursor: None
Main Pulse:  Rise Time — essentially zero
Peok Overpressure — 1.35 psi
Shot "King"
Precursor: None

Main Pulse:  Rise Time — essentially zero
Peak Overpressure — 18 psi

SUMMARY:
Wood parapet and sandbags were blown over entrances, no demage to concrete structure,

OTHER REMARKS:
Measurements of pressure and deflection were not made for this test station; hence,
response data was collected by visual inspection for general information purposes only .

SUBSEQUENT TESTING:
No data available.



OPERATION:  ivy
PROJECT: Test Support Station
STRUCTURE IDENTIFICATION:  Station 307

CROSS REFERENCE [NDEX:
TEST SUPPORT STATIONS — Reinforced Concrete Semi-Buried
Shelter

REPORT REFERENCES:
WT =641
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Yvonne { Runit )
Eniwetok Proving Grounds

OBJECTIVES:
{Non-experimental structure}. Skructure used for test support purposes.

STRUCTURAL DESCRIPTION:
Reinforced concrete semi-buried structure; walls and roof, 1 foot 3 inches thick with
1/2% main reinforcement for 9 foot clear span; earth cover, 2 feet thick over roof.

STRUCTURAL DETAILS:
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SOIL CHARACTERISTICS:

Coral sand.

Fine to coarse sand with some fine grovel.

PREVIOUS TESTING: None

SHOT:

Name: "Mike" "King"

Type: Tower Air Drop
Yield: 14 MT e

Height of Burst: 20 feet 1480 feet
Date: 31 Oct 1952 15 Nov 1952

TEST LAYOUT: (See Test Layout, Page 50)

LOADING:

{ Overpressures at ground surface }

Shot "Mike"
Precursor; None
Main Pulse:  Rise Time — essentially zero

Peak Overpressure — 1.35 psi
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Shot "King"
Precursor: None
Main Pulse: Rise Time— essenticlly zero
Peok Overpressure — 11.0 ps’

SUMMARY:

The damage observations were of ¢ visual nature. Becouse there ware two atomic
bursts at different points in Operation ivy, there was an overlap of air-burst effects
ot some points. This made it difficult to tell what damage was caused by each shot.
Only minor domage was reported { ¢ 12 inch pipe outlet was bent ); no damage to
concrete structure.

SUBSEQUENT TESTING:
No data available.
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OPERATION: vy
PROJECT: Test Support Station
STRUCTURE IDENTIFICATION: Station 520

CROSS REFERENCE INDEX:
TEST SUPPORT STATIONS ~— Massive Reinforced Concrete Semi-
Buried Shelter

REPORT REFEREMCES:
WT-641

Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Clara (Ruchi )
Eniwetok Proving Grounds

OBJECTIVES:
(Non=-experimental strucfure). Structure used for test support purposes.

STRUCTURAL DESCRIPTION:

Massive reinforced concrete semi~buried structure; walls and roof 4 feet 4 inches
thick with 1/4% reinforcement in each face in fwo directions; clear span of 8 feet;
earth=fill cover approximately 4 feet deep.

STRUCTURAL DETAILS:  ( See Page 56)

SOIL CHARACTERISTICS:
Coral sand. Fine to coarse sand with some fine gravel.

PREVIOUS TESTING: None
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STRUCTURAL DETAILS:
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SHOT:

TEST LAYOUT:

N 150,000

Name: "Mike"
Type: Tower
Yield: 14 MT

Height of Burst: 20

Date:

£ 50,000

E_70,000
! £ 80,000

feet

31 Oct 1952

E 90,000

E 100,000

l]Kingll
Air Drop

1480 feet

15 Neov 1952

E 110,000

E 120,000

E 130,000

E 140,000

N 140,000 -..| %

N 130,000

N 120,000

N 110,000

b2

N 00,000

8

N 90,000

KING GZ'/

N_80,000

N 70,000

N 60,000

N 50,000 ‘™

N 40,000

N 30,000

ENIWETOK

Ranges:

llMike[I
IlK;ng]l

7,100 feet
71,900 feet
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LOADING:
( Overpressure at ground surface )
Shot "Mike"
Precursor: None
Main Pulse:  Rise Time — essentially zero
Peak Overpressure — 74 psi estimated

Shot "King"
Precursor: None
Main Pulse:  Rise Time — essentially zero
Peak Overpressure — 0.3 psi

SUMMARY :
There was ne major damage; however, the top of the retaining wall ot the rear of
the structure collopsed.

OTHER REMARKS:

Measurements of earth pressure and deflection were not made for this test station;
hence, response data was collected by visual inspection for general information pur-
poses only.

SUBSEQUENT TESTING: (WT-901)
This structure, also identified os Operation Castle, Structure 1810.05, was subject
to the following overpressure in Operation Castle:

Devic? code name “Nectar"
Location Eniwetok
Size of weapon 1.7 MT
Height of Burst Barge
Distance from GZ 7,553 feet
Peak overpressure 50 psi

The structure suffered minor demage where the top of the retaining wall colfopsed
again and much of the earth cover was blown away .
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OPERATION:  Upshot-Knothole
PROJECT; 3.7
STRUCTURE IDENTIFICATION: 3.7

CRQOSS REFERENCE [NDEX:
BURIED CONCRETE — Reinforced Concrete Persannel Shelters

REPORT REFERENCES:
WT-726
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:

To obtain basic data for the development of criteria for the design of various devices
suitoble as air intokes or ventilation ducts. (An underground reinforced concrete
structure, of interest here, has been used as a test facility. )

STRUCTURAL DESCRIPTION:

The test facility consisted of one large structure divided into several compartments
to provide the required facilities. The main portion of the sfructure was divided into
two equal areas, and a porfion of each of these large areas wos subdivided into three
separate chambers. The six chambers thus formed were 3 feet by 4 feet by 7 feet
high, and served os fest chambers for the vents.

The concrete floor slab, roof slab and walls were 12 inches thick; and in general,
the designh was based on the assumption that the slabs spanned the short direction
only and were fixed af the supporis .

The rcof slab was designed to experience minor cracking when subjected o a triangu-
lar loading puise having a peak pressure of 460 psi and o dusation of 100 msec.

The earth cover over the roof was 2 feet deep. Two tfest entrancewoys provided
access to the structure.,
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STRUCTURAL DETAILS:
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SOIL CHARACTERISTICS:
The soil of Frenchmaon's Flot consists of silt with a trace of clay and has @ maximum dry

density of 96 to 108 pcf.

PREVIOUS TESTING: None

SHOT:
Shot 9 Shet 10
Name: "Encore" "Grable"
Type: Air Gun
Yield: 26.5KT 14.9 KT
Height of Burst: 2425 feet 524 feet
Date: 8 May 1953 25 May 1953



TEST LAYQUT:

SITE PLAN
ANGLE OF INCLINATION
LOADING:
Shot 9:
Precursaor: MNone
Rise Titne — essentinliy zero

Moin Pulse:
Peck Qverpressure ~— 21 psi
Durction — 660 msec

Shot 10:
Rise Time — essentially zero

Precursor:
Overpressure ~— 25 psi
Duration ~= 30 to 35 msec

Rise Timeg -~ 10 to 15 meec

Main Pulse:
Peak Overpressure — 115 psi
Duration = 230 msec

»
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SUMMARY':
No siructural damage occurred during Shot 9. Most data recorded for this shot was
from instrumentation on the ventilators,

The pressures produced by Shot 10 were twice the magnitude expected. Consequently
all of the ventilators failed in this shot except the rock grilles. A structural failure
occurred in the roof of one~half of the test shelter. The failure appeared to be pri-
marily a shear failure. The roof in the other half of the rest shelter showed ne measur-
able permanent deformation.

OTHER REMARKS:

The results of Shot 10 were of interest because of the structural failure which occurred
in the roof of the structure in one-half of the test shelter. The roof haod been designed
for a pressure of 80 psi, with design values that corresponded to a factor of safety of
about two.  Since the octual pressures cbtained were just about those which should
have caused failure in the structure, it is not surprising that such o failure was observed.
However, the conditions of failure were somewhat unusual in that only one roof element
failed, apparently in shear, primarily; and the other showed no measurabie permanent
deformation, It is not ot all impassible, however, that there were differences in the
pressure levels on the different parts of the structure, which may have accounted for
these phenomena; or that because of construction details, the resistance of the two
roofs differed somewhat, This difference could easily have come about because the
structure was not intended to fail in the loading expected, and no precise inspection
leading to a close evaluation of strength wos available.

SUBSEQUENT TESTING:
No data available.
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SUMMARY:
No structural domage occurred during Shot 9. Most data recorded for this shot was
from instrumentation on the ventilators.

The pressures produced by Shot 10 were twice the magnitude expected. Consequently
all of the ventilators failed in this shot except the rock grilles. A structural failure
occurred in the roof of one-half of the test shelter. The failure appeared to be pri=
matily a shear failure. The roof in the other haif of the test shelter showed no measur-
able permanent deformation.

OTHER REMARKS:

The results of Shot 10 were of interest because of the structural failure which occurred
in the roof of the structure in one~half of the test shelter. The roof had been designed
for a pressure of 60 psi, with design values that corresponded to o factor of safety of
about two. Since the actual pressures obtained were just about those which shoutd
have caused failure in the structure, it is not surprising that such o failure was observed.
However, the conditions of failure were somewhat unusual in that only one roof element
failed, apparently in shear, primarily; and the other showed no measurable permanent
deformation. It is not at all impossible, however, that there were differences in the
pressure lsvels on the diffirent parts of the structure, which may have accounted for
these phenomena; or that because of construction details, the resistance of the two
roofs differed somewhat. This difference could easily have come about because the
structure was not intended to fail in the locding expected, and no precise inspection
leading to a close evaluation of strength was available.

SUBSEQUENT TESTING:

No data ovoilable.
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OPERATION:  Upshot-Knothole
PROJECT: 3.8
STRUCTURE IDENTIFICATION: 3.8a, 3.8, 3.8¢

CROSS REFERENCE [INDEX:
1OADING-RESPONSE EXPERIMENTAL SYSTEMS — Buried Steel
Beam Response Elements

REPORT REFEREMNCES:
WT-727
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

QOBJECTIVES:

To determine the nature of forces transmitfed through earth to buried structures from the
explosion in air of an atomic bomb; and, to determine the variation of these forces with
the depth of transmission through earth and with the flexibility of the structural elements.

STRUCTURAL DESCRIPTION:

Three structures { 3.8a, 3.5, und 3.8c ) composed of concrete boxes with 8 feet long
simple supported steel beam strips as roofs. The beam strips for each of the structures
included members of each of three different degrees of flexibility; earth cover was 1
fooi, 4 feet, and 8 feet respectively.

STRUCTURAL DETAILS: (See Page 64)

SOIL CHARACTERISTICS:

Tan st with a trace of clay from Frenchman's Flat; maximum dry density of 96.4 to
108.2 pcf and moisture content of 17.2 to 23.5%; backfill compacted to on average
dry density of 992.4 pcf; unconfined compressive strength of 4.17 tsf.

PREVIQUS TESTING: None
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STRUCTURAL DETAILS:
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SECTIONS
SHOT:
Shot 9 Shot 10
Mame: “"Encore" "Grable"
Type: Air Gun
Yield: 26 .5KT 14.9 KT
Height of Burst: 2425 feot 524 feet
Date: 8 May 1953 25 May 1953

TEST LAYOQUT: ( See Page 45)

LOADING:
{ Overpressures at ground surface )
Shot ¥:
Precursor: None
Mgain Pulse:  Rise Time — essentiatly zero
Peak QOverpressure — 15 psi
Duration — 700 msec
Shot 10;
Precursor: Rise Time -— essentially zero

Overpressure — 16 psi
Duration — 50 to 60 msec



Main Pulse: Rise Time — 15 to 20 msec
Peak Overpressure — 63 psi
Duration — 150 msec

TEST LAYOUT:
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SUMMARY :

Each structure had beam strips designed such that some would respond elastically, some
plastically, and some would be in the intermediate range. However, overpressures pro-
duced by shots ? and 10 were not large enough te produce stresses in the plastic range.
Beam strips were instrumented to measure earth pressures, transient strains, permanent
strains, transient deflections and permanent deflections. Since the recording devices
were located very close to ground zero, certain irregularities existed in the transient
records. In spite of the above problems, valuable information was obtained showing

no effective attenuation of a pressure pulse applied at the surface with depth through the
subsoil when the pressure is transmitted to a structure in thesail.

The analyses of the test data indicate the following conclusions:

1. In well-compacted silty subsoil of the type at the test site, there is no effective
attenuation of o pressure pulse applied at the surface with depth through the sub-
soi | when the pressure is transmitted to a structure in the soil. The transient, as
well as the permanent strains and deformations of the beam strips, were of about
the same order of magnitude at all three depths and showed only a slight decrease
for the 8 fest depth compored with the others. This indicates that for deflections
of less than 0.5 percent of the span and for depths of cover less than the span length
the dynamic "arching" phenomenon is negligible; ond the beneficial effect of
added cover is primarily that due fo the added mass of such a cover.

2. For underground structures having a net density less than that of the displaced soil,
the overall accelerations of the structure act to reduce the influence of the pressures
applied to the top of the structure. However, this influence is not large, and may
be neglected in design.

3. The lateral pressures exerted on vertical faces of a buried structure, produced by
pressures applied at the top surface of the soil, are of an order of magnitude of 15
percent of the vertical pressures on the surface for well compacted silty soils of
the type at the test site.

4. The pressures exerted upward on the base or floor slab of buried structures are
very nearly of the same magnitude as the downward pressures on the ground surface.

OTHER REMARKS: ( See Operation Plumbbob, Project 3.4 )

SUBSEQUENT TESTING:

Structural elements with certain modifications were included in the following projects:
Operation Teapot, Project 3.4 (WT-1127) (See text page 91.)
Operation Plumbbob, Project 3.4 { WT-1423 ) (See text page 132.}



OPERATION: Upshot-Knothole
PROJECT: 3.12
STRUCTURE IDENTIFICATION: 3.13a

CRCSS REFERENCE INDEX:
EARTH-COVERED AND SEMI-BURIED CONCRETE — Semi-Buried

Precast Concrete Shetter ( Gable )

REPORT REFERENCES:
WT-729
Defence Atomic Support Agency
Washingten 25, D.C.

LOCATION: Frenchman's Flat
MNevada Test Site

OBJECTIVES:
To evaluate the effectiveness of earth cover against air blast in protecting above ground
buildings; and to develop an analytical method for predicting their response ,

STRUCTURAL DESCRIPTION:

The structure was o 100~-person precast concrete shelter developed by the Bureau of
Yards and Docks. The inside plan dimensions were 22 feet by 48 feet, and the interior
was sub-divided into three main sections by two precast concrete partitions.

STRUCTURAL DETAINS:  ( See Page 68)

SOIL CHARACTERISTICS:
No soit data given; but scil af Frenchman's Flat consists of silt with a trace of clay,
and has o maximum dry density of 96 to 108 pcf.

PREVIOUS TESTING:

A similar structure was tested in Operation Greenhouse, Project 3.2.4a { Reference
WT-23, WT-24, WT-F1, WT-117)
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STRUCTURAL DETAILS: <

FLOOR PLAN
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DETAIL "A"
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SHOT:

Shot 9
Narme: "Encore'*
Type: Air
Yield: 26.5KT
Height of Burst: 2425 feet
Date: 8 May 1953 w
Range: 2780 feet 52
g3
TEST LAYOUT: W &
zoy
~ o
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LOADING:
Shot 9:
Precursor: None

Main Pulse: Rise Time — essentially zero
Peak Overpressure — 10.8 psi
Duration — 700 msec

SUMMARY':
The response of the structure was completely elastic during Shot 9.

A similar structure 3.13b was tested as an uncovered above ground strucfure in Shot
9. Neither 2.13a or b was extensively damoged. Subsequently, the cover was re-
maved from 3.13a and both structures were tested as uncovered above ground struc-
tures in Shet 10,

The primary mode of deflection of 3.122, Shot ¢, oppeared to be crown down,
haunches out. Small cracks were observed in the end panels and the associated verti-
cal beams.

Treasient measurements of pressure, deflection, strain, torque ond shear were made fo
determine the loading and response of the structure.

SUBSEQUENT TESTING:

Operation Upshot -Knothole, Project 3.13b — Same structure with earth cover re~
moved ( WT-729 ),
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OPERATION:  Upshot-Knothole
PROJECT: 3.15
STRUCTURE IDENTIFICATION: 3.15

CROSS REFERENCE INDEX:
EARTH-COVERED AND SEMI-BURIED STEEL — Earth-Covered
Corrugated Steel Arch Shelter

REPORT REFEREMNCES:
WT=729
Defense Atomic Suppart Agency
Washingten 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:
To evaluate the effectiveness of earth cover against vir blast in protzcting above=
ground buildings and to develop an analytical method of predicting their response.

STRUCTURAL DESCRIPTION.

The structure was a 25 feet by 48 feet steel arch personne! shelter manufactured by the
Armco Drainage and Metal Products, Inc. The barrel of the structure was an Armco
Multi-Plate arch composed of 10 gage curved corrugated and punched sheets that were
bolted together to form a semi-circular arch roof, the edges of the arch being bolted
to a longitudinal base channel.

The end walls were constructed of 3 gage corrugated sections. Entrance fo the shelter
was provided by a T-shaped, 84 inch, 10 goge Armco Multi~Plate pipe connected by
bolting to the end wall or bulkhead .

The foundation consisted of a 1 foot wide by 2 feet deep wall footing of reinforced
concrete. The shelter had no floor slab.
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STRUCTURAL DETAILS:
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PERSPECTIVE
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GROUND ZEROQ
1

CROSS SECTION

SOIL CHARACTERISTICS:

and has o moximum dry density of 96 to 108 pcf.

Mo soil dota given; but soil at Frenchman's Flat consists of silt with a trace of clay,
The earth fill was placed in 6 inch layers and compacted with o sheepsfoot roller.

Preumatic tampers were used adjacent to the structure to o height of 8 fect above

grade .
PREVIOUS TESTING:  None
SHOT:
Shat 9 Shot 10
Name: "Encore" "Grable™
Type: Air Gun
Yield: 26.5 KT 14.9 KT
Height of Burst: 2425 feet 524 test
Date: 8 May 1953 25 May 1953
2700 feet 2280 feet

Range:
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TEST LAYOUT:

FROM ACTUAL 8Z'S

3.18

GROUND ZERO [INTENDED)
~ SEE SHOT DATA FOR RANGES

T

LOADING:
Shot :
Precursor: None
Main Pulse: Rise Time — essentially zero
Peak Qverpressure — 10.8 psi
Duration —- 700 msec

Shot 10:
Precursor:  Rise Time — essentially zero
Overpressure — 4 psi
Duration = approximately 70 msec

Main Pulse: Rise Time — 10 to 20 msec
Peak Overpressure -~ 8.1 psi
Duration — 400 msec

SUMMARY';

Shot 9

Damage to the entrance door, enirance bulkhead and failure of the bulkhead-to-tunnel
commection occurred. The only other visible damage to the structure was a crack in each
end wall foundation near the center line of the building. Evidence from deflection gages
indicates that the windward foundation dropped approximately 1.2 inches. Readings of per-
manent strain indicate minor connection slippage resulting in slight contraction of the arch.
T=shaped tunnels appear effective in eliminating reflected pressures on entrance doors.

Shot 10

Little detailed information is availoble due to the loss of deflection gages. However, the
available evidence indicates that there was ene major lurch of the building followed by a
rebound, after which the oscillations were friviat.

Instrumentation consisted of SR =4 strain gages connected with an oscillograph, BRL
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deflection goges, and scratch goges.

The steel in the arch barrel, with 3 feet of earth cover over the crown, remained
within the elastic range during both shots. The end wall which ceatained no en-
trance tunnel sustained serious deflection and possibly represents the weakest com-
ponent of the structure.

OTHER REMARKS:

The structure, of flexible corrugated steel, responded in @ manner whereby the
structure and supporting soil acted as o unit. Subsequent testing, as indicated
below, further confirmed the importance of understanding the soil-structure inter-
action. This steel arch building remained in operational condition, and, except

for the door frame in Shot 9, would have provided satisfactory protection to personnel
during these two shots. See other remarks of Operation Teapot, Project 3.6;
Operation Plumbbeb, Project 3.3; and Operation Hardtack, Project 3.2.

SUBSEQUENT TESTING:

None for this structure. Similar structures were evaluated in *the following projects:
Operation Teapot, Project 3.6 (WT-1128) (See text page 95)
Operation Plumbbob, Project 3.3 { WT~1422) (See text page 127)
Operation Hardtack, Project 3.2 ( ITR-1626-1 and 1626-2 ) (See text page 189)
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OPERATION:  Upshot-Knothole
PROJECT: 21.1

STRUCTURE IDENTIFICATION-
21.1a, 21.3b, 21.le, 21.1d, 21.1e, 21.1f, 21.1g, 21.1h

CROSS REFERENCE INDEX:
BURIED-CONCRKETE — Reinforced Concrete Personnel Shelters

REPORT REFEPENCES:
WT-801
Federal Civil Defense Administration
Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:

To check the adequacy of eight outdoor shelters against gagmme-radiation penetration
and thermal and blast effects. Four indoor type shelters were also evaluated but are
not included here, becouse data is not applicable to underground structure tests.

STRUCTURAL DESCRIPTION:
One of the structures was a reinforced concrete basement exit with three feet of earth
fill over the shelter area. { 21.14)

Three of the structures were covered trench shelters constructed of concrete block with
a 4 1/2 inch concrete slab for a roof. The three structures were located af various dis-
tances from ground zerc. Two of the shelters had three feet of earth fill for cover,

and the third was covered with four and one-half feet of earth fill. ( 21.1b, 21.1¢,
and 21.1h)

A wood covered trench with three feet of earth fill for cover and concrete block walls
was used as one of the shelters. The shaft entrance to this shelter was not closed.
(21.1d)

One shelter consisted of a trench covered with g 4 1/2 inch concrete slab and three
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feet of earth fill cover. Concrete block was used, and the shaft entrance was closed.
(21.1e)

A basement exit, constructed of concrete block walls with a six inch reinforced con-
crete slab roof, was used with three feet of earth fill for one of the shelters. { 21.1f )

A concrete pipe with a closed shaft entrance and threc feet of earth cover was used as
one of the shelters. {21.1g)

STRUCTURAL DETAILS:
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21.1b, 21.1¢, 21.1h — Covered Trench

e
A =: ~
‘ .q'_ -N
i
31'3|I$ Bl‘ou
PLAN n'-3" & 0"
| Bl

21.1d



o
<
SECTION A-A
21.1d — Wood Covered Trench
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21.1g — Concrete Pipe With Closed Shaft Entrance

SOIL CHARACTERISTICS:

No soil data stated; however, backfill was typical of Yucca Flat ot the Nevada Test
Site. The alluvium in Yucca Flat varies in character from clay and silt-sized particles,
to cobbles and boulders. The composition of this matericl is chicfly limestone and
volcanic tuff with smaller amounts of other volcanics, quartzite, conglomerate and
sandstone. The alluvium is poorly consolidated except where the particles are cement-
ed by caliche or where beds of caliche exist. Density of the alluvium varies from 1.3
to 1.8 kilograms per liter; thot is, 88 to 112 pounds per cubic foof.

PREVIOUS TESTING:

Similar structures were tested in Operation Buster-Jangle, Project 9.1a, at the Nevade
Test Site in Ocicber and November 1951, See WT-359 for details. (See text page 35)
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SHOT:

Shot 1
MName: "Annie"
Type: Tower
Yield: 16.4 KT
Height of Busst: 300 feet
Date: 17 March 1953

TEST LAYOQUT:

LOADING:
range overpressure
( feet } (psi)
21.1g Reinforced Concrete Basement Exit 1230 23
21.1b Covered Trench ( 4°~6" cover ) 1450 15
21.1¢ Covered Trench ( 3'-0" cover ) 1800 10
21.1h Cavered Trench ( 3'-0" cover ) 3500 not available
21.1d Wood Covered Trench 1800 10
21.Te Covered Trench With Ciosed Shatt 1800 0
Entrance
21,1f Block-Wall Basement Exit 1800 10
2l.1g Concrete Pipe With Closed Shaft 1800 i0
Enfrance

80




SUMMARY :

The concrete roof slabs of the structures were designed to resist a dynamic 1oad with the
maximum midspan deflection limited to 1/30 of the span. However, since no cracking
occurred it was assumed that deflections were in the elastic range. The roof joist on
the wood-covered trench suffered no damage, but faulty construction caused failure oy
one wall. The overpressure was approximately half of the expected value.

OTHER REMARKS:

Test data is not sufficient to permit any valid conclusions on structurai response to be
drawn. Only two shelters ( 21.1e, Covered Trench With Closed Shaft Entrance and
21.1g, Concrete-Pipe With Closed Shaft Entrance } were designed to prevent blast
pressures from entering the shelter. The fact that the other structures were "open”
end that no internal transiznt pressure meosurements were made, limits the velue of
information for structural dynamics correlation purposes.

NOTE:
The letters, a through h, used in this report to reference the individuol shelters do not
occur in the original report. In the report the shelters were referenced by name only.
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OPERATION:  Castle

PROJECT: Test Support Station
STRUCTURE IDENTIFICATION:  Station 200
CROSS REFERENCE INDEX:

TEST SUPPORT STATIONS — Massive Reinforced Concrete Semi-
Buried Shelter

This is the same structure identified as Ivy 200; consequently, complete description
and other daota is included under Operation vy, Project 200, ( See text 2age 44)
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OPERATION:  Caostle

PROJECT: Test Support Station

STRUCTURE IDENTIFICATION:  Stgtion 1810.05
CROSS REFERENCE INDEX:

TEST SUPPORT STATIONS — Massive Reinforced Concrete Semi-
Buried Shelter

This is the sume structure identified as lvy 520, consequently complete description and
other data is included under Operation lvy, Project 520. (See text page 55)
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OPERATION:  Teopot
PROJECT: 3.3.1
STRUCTURE IDENTIFICATION:  3.3.1

CRQOSS REFERENCE INDEX:
LOADING-RESPONSE EXPERIMENTAI. SYSTEMS — Buried Flexible
Measuring Devices

REPORT REFERENCES:
WT-1125
Dafense Atomic Support Agency
Washington 25, D,C,

LOCATION:  Area T-10qg, Yucca Flat
Nevada Test Site

OBJECTIVES:

To determine the influence of certoin parameters on the normal { perpendicular ) foads
generated against a structure by earth-propagated pulses resulting from underground
explosions .

STRUCTURAL DESCRIPTION:

Fifteen flexible measuring devices consisting of a forward mass, 30 inches square,
connected by torque tubes to a relatively heavy rear supporiing mass were placed in
the earth so that the forward mass was normal to the earth propagated puises.

STRUCTURAL DETAILS: ( See Page 85)

SOIL CHARACTERISTICS:

Great care was teken during the back filling operation ir the field to try to restore

the earth to its undisturbed condition. In backfilling, the soil was tamped to 90 per-
cent optimum density between the devices and the undisturbed soil on the sides, front,
and back, which was about 2 feet all around.  Wood, concrete, and vegetable matter
were screened from the soil and precautions were taken by constant supervision in back-
filling to see that no dust or rocks were able to jom the devices.
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STRUCTURAL DETAILS:
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300 TO REFERENCE POINT |

FIL |
WEL COMPACTED BACKF| L\ 6

ROUND LINE

\”:;s:\~ ' ' & eARTH AROUND DEVICE
WAS HAND TAMPED TO
SECTION A-A 90% OPTIMUM DEKSITY
LOADING:

Shot 7:
Pegk pressure:  Varied from 102 psi to 5.3 psi as recorded by pressure gages
mounted on the front of the 15 flexible devices
Duration: Varied from 685 risec. to 400 msec.

SUMMARY :

Conclusions drawn were that the wide variagtion in peak gage pressures, at comparable
distances, seems to indicate a considercble variation in the physical phenomenon be-
tween points, even when the points are relatively close together. This seems to be
supported by all pressure data obtained from the shét fired for this experiment as well
as pressure data obtained from all previous shots, regardless of type. Consequently,
it is concluded that an individual measurement on o small portion of any area probably
will not give proper [oading functions for that area.

SUBSEQUENT TESTING: None



OPERATION:  Teapot
PROJECT: 3.3.2
STRUCTURE (DENTIFICATION: 3.3.2

CROSS REFERENCE INDEX:
MISCELLANEQUS STRUCTURES -~ Buried Reinforced Concrete Box
( OpenTop )

REPORT REFERENCES:
WT-1126
Defense Atomic Support Agency
Washington 25, D.C,

LOCATION: Area T-10a, Yucco Flat
Nevada Test Site

OBJECTIVES:

(1) To obtain data on the effect of a large~scale underground explosion of a nuclear
device on buried structures; {2 ) to use these daoto to develop design ¢riteria for under-
ground structures; and (3 ) to correlate the results with previous test results obtained
both with relatively smail hign-explosive charges ( primarily at Dugway, Utah ) and
with results obtained from the Jangle underground atomic shot,

STRUCTURAL DESCRIPTION:

The two boxes were a modified version of the 0,5-scale Type A box tested at Dugway,
Utah; and were located at horizontal distances of 200 to 250 feet from ground zero.
The near box was designated 3.3.2 al; and the far box, 3.3.2 2. Each box consisted
of four vertical, reinforced concrete walls, without roof or floor; ond was cast in place
in an open cut and was backfilled subsequently so that its top was 3 feet ? inches below
the original ground level.

The outside dimensions of the boxes were 12 feet é inches square by 8 feet 10 inches
high. The front and rear walls were 24 inches thick, while the side walls were 12 1,2
inches thick. The walls were reinforced with both tension and compression steel. For
the mgin steel in the front and reur wails, fthe ratio of the areu of the steel to the areq
of the concrete was 0.é percent for both tension and comprassion reinforcemant ,
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STRUCTURAL DETAILS:
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SOIL CHARACTERISTICS:

The excavation for these structures was made in a manner that the soil around the struc-
tures would be disturbed a minimum amount. That is, the cut was made as small as
possible; and it had rearly vertical sides. The base of each structure was placed on
undisturbed soil.

The excavated material was used in the backfill. This material wos dampened and was
placed in the cut in approximately 6 inch layers. Hand pneumatic tampers were useg
to compact each layer.

No rigid controls were used in placing the backfitl, because it is believed that the
heterogeneous character of the soil did not warrant it. The soil is naturally hetero-
geneous, and this condition was compounded by excavation and construction performed
during Operation Jangle. '

Despite the lack of rigid control, it generally is believed that the density of the back-
fifl wos ~onsiderably grecter than the density of the surrounding scil. During the post=-
test surveys, it wos intended that standard penetration tasts ke made in the backfili

and in the surrounding soil to determine relative densities. However, it was impossible
to make these tests because of the rocky nature of the soil and its degree of compaction.

PREVIOUS TESTING: MNone
However, related structures were included in Operation Buster=Je . '=, Project 3.2
( WT-387 ) (See text page 16)

SHOIT: Shot 7
MName: ESS
Type: Underground
Yield: 1.1 KT
Depth of Burst: 67 feet
Date: 23 March 1955

TEST LAYQUT:
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LOADING:

mgasurgd predicied

location peak peak units

Structure Acceleration 3.3.2al  Front Wall 4.39 190 g
Rear Wali 6.49 25 g

Side Wall 7.2b n.s g

Structure Acceleration 3.3.2a2 Front Wa'!! i.7¢ 60 g
Rear Wall 3.39 30 g

Side Wall 1.90 2.5 g

Structure Pressure Gage  3.3.2al  Front Wall 33.0 510 pei
Rear Wall 42.0 250 psi

3.3.2a2 Front Wall 53.0 165 psi

Front Wall 50.0 165 psi

Rear Wali 30.0 80 psi

Side Wall 18.0 55 psi

@ The electronic record had a very small amplitude trace. Because of this, the values
are not relicble.

b Acceleration is radial from ground zero.

SUMMARY :

The crater formed by the explosion was unexpectedly small, being 146 feet in radius, 30
that the two strictures were approximately 50 and 100 feet from the edge of the crater.
The pressure measured on the front wall of the structure at the 200 foot range was approx-
imately one=fourth of the stress of 125 psi in the medium; while the pressure meusured on
the front wall of the structure at the 250 foot range was slightly greater than the medium
stress of 41 .5 psi. The structures responded primarily as rigid bodies and followed the
soil motion; consequently there was no structural damage. The permanent movements

of the boxes were 3.8 feet and 0.5 foot, horizontally, away from the point of buist.

It is concluded that buried structures of the type tested are difficult to dumage structurally,
untess [ocated within or close to the edge of the crater and that, for structures outside of
the crater, problems created by large earth movements and throwout might be critical for

structures relatively close to the edge of the crater.

SUBSEQUENT TESTING: None
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QPERATION:  Teapot
PROJECT: 3.4
STRUCTURE IDENTIFICATION: 3.4 4a, 3.4b, 3.4¢

CROSS REFERENCE INDEX:
LOADING RESPONSE EXPERIMENTAL SYSTEMS — Buried Steel

Beam Response Elements

RZPORT REFEREMNCES:
WT-1127
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:

To determine the nature of forces transmitted through earth to buried structures from the
explosion in air of an atomic bomb; and to determine the variafion of these forces with
the depth of transmission through earth and with the flexibility of the structural elements
subjected to these forces.

STRUCTURAL DESCRIPTION:

Three structures (3.4 a, 3.4b, and 2.4 ¢ } composed of concrete boxes with 8 feet

long simply supported steel beam strips as roofs ( the beam strips for each of the structures
include members of each of three different degrees of flexibility }; the earth cover was

1 foot, 4 feet, and 8 feet, respectively. Three of the plastic or "P Beams™ in euch of
the structures were altered from those tested in Operation Upshot-Knothole as shown in
Structural Details.

STRUCTURAL DETAILS: (Sece Page 92)
SOIL CHARACTERISTICS:

Tan silt with o trace of clay. In its natural state the soil is very friable., [t is hori-
zontaily stratified, has vertical joints which are local zones of weakness, and contains
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many voids.  Limited tests of the undisturbed soil in this area, prior to the Upshot-
Knothole tests, gave volues of 86.6 pcf for the dry density, 10.4 percent for the water
content, and 95.5 pef for the wet density. The unconfined compressive strength deter-
mined on three samples gore results of 1.1, 2.1 and 4.3 tons per squore feet.
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PREVIOUS TESTING: Operation Upshot-Knothole, Project 3.8 { WT-727 ){pp 63 )

[n Upshot-Knothole, the structures were tested in two shots, the first producing an over-
pressure level on the ground surface of about 15 psi; and the second, about 63 psi. In
the first test, no damage or permanent deformation was expected or cbserved. In the
second shot, the pressures were of about the order of magnitude expected in the design;
and only small permanent deflections were obtained. One of the main reasons that only
small deflections were obtained was that one set of beam strips ( the "plastic” beams
intended to be considerably weaker than the others ) were fabricated from steel having
a considerably higher yield point thon was originally desired. Therefore only two
different yield strengths existed rather than the three that had been planned
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SHOT:

Shot 12
Name: MET
Type: Tower
Yield: 22 KT
Height of Burst: 400 feet
Dete: 15 Moy 1958

TEST LAYOUT:

ASSUMED
NORTH
3.4a (835'w, 336'N)
3.4b (a52' w, 291 N }
3¢
_ 200" _Rapws 907 |
J __BLAST LWE N ) _
{
6z d
SITE PLAN

ELEVATION A-A

LOADING:
Shot 12:
Precursor: Rise Time — essentially zero
QOverpressure — 52 psi
Duration — 30 msec
Main Pulse:  Rise Time ~— 20 msec

Peak Overpressure ~~ 20 psi
Duration — 90 to 100 msec

T ELEVATION B-B
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SUMMARY :

Each structure kad beam strips designed so that some would respond elastically, some
plastically, and some vsould be in the intermediate range. Beam strips were instrumented
to measure transient deflections, accelerations, and beam sttip reactions. Permonent
strains, peok transient strains, and permanent deflections were also measured on the
beam strips. Transient air pressures were measured at the ground surface. Results ob-
tained indicate that the design of roofs for shallowly buried shelters should be based

on the overpressures at the ground surface when the depth of cover is no greater than the
roof span or when the structure is copable of moving with the surrounding media.

OTHER REMARKS:

The analysis of the test ota showed that, with respect to their behavior, the beams
could be divided into tvio general groups. The response of all of the beams tested in
Upshot-Knothole, the beams in the shallowest structure, and all of the elastic beams
tested in Teapot indicated that there was no attenuation of pressure with depth. The
soil cover only odded to the mass of these beam strips. The other group of beams in-
cludes the more flexible plastic ¢nd intermediate beams tested In Teapot which were
buried at a depth of cover greater than one-half the span of the beams. The backfilt
over these beams was not disturbed over a two-year period so that it had become well
consolidated. The response of these beams was very close to or slightly less than the
deflection corresponding to a static foading equal to the surface overpressures.

( See Other Remarks — Operation Plumbbob, Project 3.4)

SUBSEQUEMNT TESTING: Operation Plumbbob, Project 3.4 (WT-1423) (See text
page 132)
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OPERATION:  Teapot
PROJECT: 3.6
STRUCTURE IDENTIFICATION: 3.6

CRQOSS REFERENCE INDEX:
EARTH-COVERED AND SEMI-BURIED STEEL — Eartn-Covered
Corrugated Steel Arch Shelter

REPORT REFERENMNCES:
WT-1128
Defense Atomic Support Agency
Washingten 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:

To determine the degree of protection that earth cover offers to aboveground structures;
ond, particularly, to test the adequacy of on adaptation of a corrugated steel arch
ammunition magazine, similar to Upshat-Knothole Building 3.15, as a personnel shelter
were the primary objectives of Project 3 6 of Operation Teopot. Both the blast resist-
ance and the radiation resistance of such structures were objectives of the test Because
the structure tested on Operation Upshot-Knothole sustained no significant domage, it
was an objective of the Teapot test to produce at least ircipient collapse so that the
capabilities of this design would be bracketed. The long-renge objectives were to
extend the knowledge of the benefits of earth cover in protecting aboveground structures
and to obtain further insight into the mechanism of these benefits toward the optimun,
design of uboveground shelters .

A further supplementary objective was to compare the performance of models with that
of full-scale structures, in order to permit more economical design of future tests.

STRUCTURAL DESCRIPTION:
Structure 3.6 was a 25 feet by 48 feet steel arch manufactured by Armco Drainage and
Meta! Products.
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Structure Upshot-Knothole 3.15 was a 25 feet by 48 feet steel arch manufactured by
Armco Drainage and Metal Products. It was different from Structure 3.6 in its details.

Models No. T through No. 3 were corrugated staal, 1/4 scale models.
Models No. 4 threugh No. é were corrugated aluminum, 1/4 scale models.

STRUCTURAL DETAILS:
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Structure 3.6:
Dimensions — 25 feet by 48 feet
Steel Plates — 8 gage multiplate
Corrugation — nominal 1 3/4 inch by 6 inches
Foundation — 1 foot wide, 2 feet deep
Diameter of Arch — 23 feet
Diometer of Entrance Tunnel — 84 inches
Total Weight of Structure — 22,000 pounds

Structure Upshot-Knothole 3.15:
Dimensions — 25 feet by 48 feet
Steel Plates — 10 gage multiplate
Corrugation — 2 inches by & inchas
Foundation — | foot wide, Z feet deep
Diometer of Arch ~ 25 feet
Diameter of Enfrance Tunnel — 84 inches

Models:
Dimensions — 1/4 size of struciure 3.6
Steel ~— 3 models were steel
Alueminum — 3 models were aluminum
Cerrugation — 2 5 inches by 0.5 inches

SOIL CHARACTERISTICS:
Brown sand, well-graded from very fine to very coarse; random siones fo 5 inches in
diameter .

PREVIOUS TESTING:

Structure Upshot-Knothale 3.15 was previously tested in Operation Upshot=Knothale,
Project 3.15 ( WT-729 ). As damage had been smali, this structure was available for
retesting during Operation Teapot. (See text page 70)

SHOT: Shot 12
Name: MET
Type: Tower
Yield: 22.0KT
Height of Burst: 400 feet
Date: 15 April 1955
TEST LAYQUT:
structure range from GZ ( feet )
3.6 1,500
3.15 ( Upshot-Knothole J 2,300
Model | 1,400
Model 2 i, 500
Model 3 2,000
Madel 4 2,000
Model 5 2,500
Madel 4 3,000
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LOADING:

{ Overpressure at ground surface )

peak dynamic
structure overpressure  overpressure

{ psi ) (psi )
3.6 30 170
3.15 T 30
Model 1 35 200
Meodel 2 30 180
Model 3 19 64
Model 4 ig 64
Model 5 4 14
Model 6 8 2

SUMMARY :

The dynamic pressures produced by Shot 12 at the close-in ranges of most interest to
Project 3.6 were considerably larger than had been predicted. The main structure

of Project 3.6 was collapsed by these forces, but there is support for the belief that it
would have withstood the predicted values successfuliy .

The performance of the models was in accord with predictions. Of the three steel models
which were intended to collapse at the same values of applied externcl pressure as Struc-
ture 3.6, the two at 1,400 feet and 1, 500 feet, which received pressures similar to or
larger than those opplied to Structure 3.6, collapsed. The one ot 2,000 feet, which
received roughly one third the pressure applied to Structure 3.6, remained standing.

Of the three gluminum models which were expected to fail under pressures roughly

one quarter of those which would produce failure in the main building, the one at 2,000
feet did fail. The pressure ot the structure was roughly twice that expected to produce
failure, Those at 2, 500 feet and 3,000 feet, where the maximum pressures were less
than one quarter those applied ta Strucfure 3.6, experienced trivial deflections.

Structure Upshot-Knothole 3.15 withstood forces of 15 percent of those applied to
Structure 3.6, with trivigl deflections.

OTHER REMARKS:
The drag sensitivity of the eorth configuration obviously caused collapse of the Teapot
structure .

SUBSEQUENT TESTING; None

Structures which were similar, but with different earth configurations, were tested in
Operation Plumbbob, Project 3.3 {( WT-1422 ) and Operation Hardtack, Project 3.2
( ITR-1626 }. (Sce text pages 127 and 18%)
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OPERATION: Teapot
PROJECT: 34.3
STRUCTURE IDENTIFICATION: 34.3 al, 34.3 a2, 34.3bl, 34.3b2

CROSS REFERENCE INDEX:
BURIED COMNCRETE — Reinforced Concrete Personnel Shelters

REPORT REFERENCES:
WT-1161, WT-1218
Civil Effects Test Group Report

LOCATION: Areas T~1 and T-4, Yucca Flot
Nevada Test Site

OBJECTIVES:
To evaluate shelter designs proposed by the Federa! Civil Defense Administrafion
( FCDA ) for protection against nuclear and thermal radiation and blast effects.

STRUCTURAL DESCRIPTION:
Fifty person thelters for industrial and civic use. Four reinforced concrete buried
structures were tested.

Two were built for "Apple I" shot and two for "Apple " shot. One of each pair was
modified by a reinforced-concrete partition dividing the shelter into two chambers,

each 12 feet by 12 feet by 8 feet. These were tested with doors and escape hatches
open, but partially obstructed, ( hatches had an cir inlet, 19 inches in diameter for
"Apple 1¥; 36 inches in digmeter for "Apple 11" ) to meter air into the chambers at a
rate satisfactory to the requirements of the biomedical program ( Program 33 ). The
room into which the escape hatch entered was referred to as the "slow-fill" room;

and the other, as the "fast=fill" room. Three shelters were oriented with the entronce
toward ground zero and the fourth  Station 34.3 o2 ) was rotated 90° counterclockwise.
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STRUCTURAL DETAILS:
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Structure 34.3 al
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Structure 34.3 o2

A |g;l"3" 33 3%7 19-034"
1 f: R SN LSO AR LR R SRR |
' -
- T - -
- . i
L} -‘? + " ': _‘.
I - - -
=) ~ = Iz ¥
P PRESSURE | el | a
o TIGHT DOOR ) g’ 3 T ETTI f
»n o o = J - -
¥ He
T lix AR TR TR I R DN [ T 4;]——;-1——!,——}'
o 2% o" J 2¢] [sg
TR

“op ~=f—f=3-0"5Q. OPENING |56 sLioiNg DOOR—y

X

51
|
]
|
»
-
L)
v
¥
X
Ted

. - TR .. = — ",‘ O -— 1‘_.
: LTI S NS TS Dl e BRY o5
= | ) n
1 i O 1l
o v R
[« " . Y Y
=1 - H L: >
® 7 A 10| ),
& (RN I
1 % 4 e~ DR iyl IR I el 081
T e e T e ]
.aj'__'

SECTION A-A

Structure 34.3 b1 and 34.3 b2
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SOIL CHARACTERISTICS:

No soil dota stated; however, the backfill was typical ot Yucca Flat ot the Nevada
Test Site.  The alluvium in Yucca Flaf varies in character from cloy and silt-sized
particles, to cobbles and boulders. The composition of this material is chiefly lime-
stone and volcanic tuff with small amounts of other volcanics, quartzite, conglomerate
and sandstone . The alluvium is poorly consolidated except where the particles ore
cemented by caliche or where beds of caliche exist. Density of the alluvium varies
from 1.3 to 1.8 kilograms per liter; that is, 88 to 112 pounds per cubic foot.

PREVIOUS TESTING: None

SHOT:
Name: "Apple 1" "Apple "
Type: Tower Tower
Yield: 14,2 KT 28.5 KT
Height of Burst: 500 feet 500 feet
Date: 29 Maren 19553 5 Mo 1955
TEST LAYOUT: \y
- -{—MN \
o
34.3-ql
1627 - BLAST LINE R
-$- """" 0° BEARING
i 34.3-a2
]
Location of Test Structures for Shot “Apple 1" 108C RADILS |
\
©
o
_dasm.l ) BLAST _LINE
- T R 150° BEARING
! o
o
{
34.3-a2
34-3"b2 ;l
Location of Test Structures for Shot "Apple 11" :-:ogﬁgp:, Rgg:;:s] /
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LOADING:
( Qverpressure of earth surface )

structure Shet "Apple |” Shot "Apple "

34.3 ¢l 47 psi -—-

34.3 bl 47 psi -

34,3 a2 - 91.9 psi

34.4 b2 -—— ?1.9 psi
SUMMARY :

Shot "Appie " ( Structures 34.3 al ond 34.3 b1 );

Meither shelter suffered any visible damage. Appreciable dirt and missiles littered the
stoir wells. There was o separation between the grout under the steel plates that served
as supports for o concrete sliding door and the walls of the stair well of the structural
shelter.

The concrete sliding door was used only on the structural shelter { 34.3 al ) and showed
no evidence of domage. The bars that served to lock the door ogainst an upward motion
coused by negative pressures showed no distortion. The rubber mat between the doar
and the steir well blew onto the steps.  The Navy type door and escape hatch in the
structural shelter were undamaged.

In the biomedical shelter ( 34.3 b1 ), however, differential pressure between the fast-
fill and slow-fill rooms wes encugh to distort the sto=| angle attaching the door frame
to the 1 foot concrete partition wall. Horizontal stiffeners prevented any significant
horizontal distortion of the door; but considerable vertical distortion resulted from dis-
placement of the door frome.

Blost force distorted the vents, leaving them bent away from ground zero at an angle
of 30°.

Shot "Apple II" ( Structures 34,3 62 and 34.3 bZ ):

Again, neither shelter suffered structural damage at the peak incident pressure of 92 psi,
but dirt and missiles littered the stair wells. The blast tore off the vent tee af the junc-
tion of the tee and the vertical pipe.

Stotion 34.3 a2: The Army Chemical Corps ventilation equioment suffered no discernisle
damage . The failure of one of the rebounc boits from shearing of the threac indicates
that these balts were loaded to the limit of their capucity at the test pressure.  An in-
creose in bolt diameter, and therefore thread capacity, would supply a reserve strencth
to the rebound connection.

Two wheels of the siiding door were destroyed by missiles, and the rubber soor bumper
blew into the stair well . Destruction of the wheels can be preventes by wicening the
door siab to provide a protective 1Tp for the wheels.  Despite the loss of the wheels,
the door could have been jouked open from the inside. The retaining wall around the
concrete door was damarced.
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Station 34.3 b2: Becouse of the larger opening { 36 inches instead of 12 inches ) in
the slow=fiil escape hatch, the peak unbalanced pressure beiween the rooms in the
biomedical shelter was proportionately less thon in the "Apple |I" shelter, and the
reinforced door frames in the partition wall sustained no plastic deformation from
this unbalanced pressure.

Based on free-soil acceleraiions in earlier tests, a maximum veetical acceleration of
25 g had been expected, but the measured vertical acceleration had a maximum posi-
tive (downward) acceleration of only 3.7 g.

SUBSEQUENT TESTING: None



OPERATION:  Redwing
PRCJECT: Test Support Station
STRUCTURE IDENTIFICATION: Station 1311.04

CROSS REFERENCE INDEX:
yEST SUPPORT STATIONS = Massive Reinforced Concrete
Semi-Buried Shelfer

REPORT REFERENCES:
WT-1631
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Yvonne ( Runit )
Eniwetok Proving Grounds

OBJECTIVES:  ( Non-experimental structure )

Structure used for fest support purposes, thus only visual post shot inspections were
made .

STRUCTURAL DESCRIPTION:

A massive reinforced concrete detector station mounded with 5 feet of earth cover.
STRUCTURAL DETAILS: {See Page 107 )

SOIL CHARACTERISTICS:

Coral sand. Fine to coarse sand with some fine gravel.

PREVIOUS TESTING: None

SHOT:
Name: "LaCrosse "
Type: Surface
Yield: 32 KT
Height of Bursi: Surface
Date: 4 May 1956
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STRUCTURAL DETAILS:
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TEST LAYQUT: Not available

LOADING:
Peak Overpressure ~~ 1,100 psi

SUMMARY:

Earth cover blown away; no damage.

SUBSEQUENT TESTING: None
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OPERATION:  Redwing

PROJECT: Test Support Station
STRUCTURE IDENTIFICATION:  Station 1611
CROSS REFERENCE INDEX:

TEST SUPPORT STATIONS — Massive Reinforced Concrete Semi~
Buried Shelter

This is the same structure identified as lvy 200; consequently, comnlete description
and other date is included under Operation Ivy, Project 200. (See text page 44)

108



OPERATION:  Plumbbcb
PROJECT: 1.7
STRUCTURE IDENTIFICATION: 1.7

CROSS REFERENCE INDEX:
LOADING-RESPONSE EXPERIMENTAL SYSTEMS — Buried Response
Cylinders ( Drums with Flexible Diaphragms )

REPORT REFERENCES:
ITR=-1406

Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:

To study the factors affecting the fransmission of air-blast-induced pressures in soil and
the loadings produced on buried structures by pressures in the 50 to 300 psi region.
Specifically, to study, extensively, (1) the attenuation of pressure in a sand depesit
when the water table is a few feet below the ground surface; ( 2 ) the effect of duration
of positive phase of blast on the pressure transmitted through such a soil; (3 ) the effect
of structure flexibility on the pressure acting on structures buried in such a soil; and

( 4) the relationship between horizontal and vertical pressures in such a soil.

STRUCTURAL DESCRIPTION:

Sixty-eight devices composed of rigid cylinders ( drums ) with deformable diaphragm
ends of five different thicknesses. These were buried at depths ranging from zero to
twenty feet. Thirty-eight were placed at the 100 psi location, fifteen ot 320 psi, and
fifteen at the 50 psi location.  Most of the drums had a vertical orientation, but a few
had other orientations. The double ended drums were two feet in diameter and two feet
in length.
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STRUCTURAL DETAILS:

~— - STIFFENER

| HoLE 4" Diem. DRILLED AND TAPPED
2" FROM ONE ENO OF DRUM

~—16 HOLES |g5 Diam. DRILLED EACH
\ a END OF DRuUM

.f STIFFENER

. " I

N ‘s
N A S HOLES + Diom. DRILLED AND TAPPED
R Ny 2" FROM SAME END OF DRUM AS L1’ HoLe

} : CLAMPING RING 24" 0.D. x 1" x 18" 1.0.
.- £ SPECIAL MACHINING ONE FACE

THICKNESS OF DIAPHRAGM VARIES (ses Test Loyout)

15 - 1" BOLTS

FLANGE PLATES 234 0.0, x 1" x 18" LD
24 SPECIAL MACHINING ONE FACE
aus DRUM WALL ROLLED FROM 24" x J‘r PL.
1& 5T TO 1»ul {D. CYLINDER AND BUTT WELDED
weh STIFFENERS - 2% x 4 x I"0' P 8 REQ'D
1t
15 ~ 1" BOLTS
- - » /- -
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SOIL CHARACTERISTICS:

The soil of Frenchman's Flat is a tan silt with o trace of clay which, in its natural state,
is very friable. The natural soil has u well-developed system of both horizontal and
vertical joints. When water is added to the backfill material, a considerable amount
of mixing is required to obtain a uniform moisture content.

The soils specifications were drawn up so that the modulus of deformation of the com-
pacted backfill would approximate, as closely as possible, that of the natural soil in
place. To accomplish this, the water content specified was 3 per cent dry of optimum
and 100 per cent compaction,

PREVIOUS TESTING: None

SHOT:
Name: "Priscilla™
Type: Balloon
Yield: 36.6 KT
Height of Burst: 700 feet
Date: 24 June 1957

TEST LAYOUT: (See text pages t3, 114, 113)

LOADING:
distance from peak surface
GZ (feet) overpressure {psi)
Near Location 750 320
Intermediate Location 1040 100
Far Location 1360 50
SUMMARY:

For a silty soil such as that found at Frenchman's Flat, there is considerable attenuation
with depth of an air-induced ground-transmitted pressure. The amount of this attenua-
tion is approximately 20 per cent at 5 feet, 40 per cent at |0 feet and 70 per cent at

20 feet. There is no large variation of this with surface peak overpressure in the range
of from 50 to 250 psi.

When the compressibility of a structure is greater than that of the soil it replaces, the
pressure on the structure is considerably less than that in the soil surrounding the struc~
ture, This decrease can amount to at least 50 per cent. Mast of this decrease is
developed in a depth of burial equal to one-~half of the span of the structure.

On the basis of limited data, the pressure on vertical faces of flexible structures varies
froni 0.25 to 0.53 of the pressure on the horizontal fuces.
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It is recommended that, since the simple theory used gives reasonable results, further
analytical studies be made to eliminate s¢ . >f the upproximations and extend the theory
to include actual structural configurations.

SUBSEQUENT TESTING:
Operation Hardtack, Project 1.9 (WT 1614) (See text page 189)
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OPERATION:  Plumbbob
PRCJECT: 3.1
STRUCTURE IDENTIFICATION: 3.lg, 3.1b, 3.1c, 3.1n

CROSS REFERENCE INDEX:
BURIED CONCRETE — Reinforced Concrete Arch Structures

REPORT REFERENCES:
WT-1420
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman's Flat
Mevada Test Site

OBJECTIVES:

To determine the suitability of underground concrete archas for use as protective shelters,
as well as their resistance in the high overpressure ranges ( 50 to 200 psi ) from a kiloton-
range air burst.

Specifically to: (1) compare the response of four underground concrete-arch structures
when subjected to controlled loading, ranging from design load through failure load;

{2) determine the load distribution on a buried arch due to a nuclear blast; (3) gain

a better understanding of the basic response of that portion of the arch element which is
in no way affected by restraint or support from the end walls; (4) determine to what
extent the end walls of an underground arch affect its response; (5) study the interaction
of the soil and the structure in order to establish an idealized soil-structure system that
can be adapted to analytical treatment; (6} determine the amount of protection from
radiation provided by the structure; and (7) gain information of direct use in establish-
ing design criteria for g profotype cast-in-place concrete personnel shelter,

STRUCTURAL DESCRIPTION:

Four reinforced concrete arch structures, all placed underground with the top of the
crown 4 feet below the ground surface. The four arches were semicircular in cross
section, with gn inside radius of 8 feet and a thickness of 8 inches. Three of the
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structures were 20 feet long, while the fourth was 32 feet long. The 32 foot long struc-
ture was included to assure an unresirained seciion of arch esseniially free of end-wail

effects, so that it could be determined how far and to what extent end walls affect arch
action,

STRUCTURAL DETAILS:
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SECTION B-R ST

SOIL CHARACTERISTICS:
Clayey silt with uniform appearonce and texture, with the following cheracteristics:
average water average dry
content { pct )  density { pef )

Undisturbed Natural Soii 12,8 79.0

Recommanded for Backfill 21.5 97.1

Control Tests during Backfitl* 20.7 96.7

Preshat, 4 feet below 19.2 99.9
Surface of Backfill

Postshot, 4 feet below 18.5 99.2

Surface of Backfill
* Averoge of 40 samples per structure

PREVIOCUS TESTING: None

SHOT:
Name: "Priscillg"
Type: Bailoon
Yield: 36.6 KT
Height of Burst: 700 feet
Date: 24 June 1957

TEST LAYOUT: (See Page 11 )
LOADING:. Peck Air Overpressure at Ground Surface
3.1c 199 psi

3.1b 124 psi
3.1n 56 psi
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TEST LAYOUT:

PLOT PLAN !

ACTUAL

PEAK cwsnpnzssums»\ f:g?ﬁ:f? i::% g—’\
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PEAK OVERPRESSUR

s

Ry

-

{199 PSI)

200 PSt

700"

L 1360’

1040

L.
r i se0'
-

H i GROUND SURFACE
thJd8;3Jn jian :j3Jc

ELEVATION

SUMMARY':

The four structures suffered only minor domage, all remaining structuraliy serviceable.
The structure at the 199 psi pressure level exhibited obvious cracking of the floor slab
and minor tension cracking of the urch introdos. Conclusions reached include:

The 3.1-type structure proved fo be an adequate shelter for resisting air overpressure

of up to 200 psi; thereby showing that an underground reinforced-concrete arch is an
excellent type structure for use in providing protection agoinst nuclear-blast effects.
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A reasonable design method for underground arches cannot be developed uniil more is
known about the dynamic properties of soil-structure combinations. These structures
were designed ossuming uniform symmetrical loading. In this case it was observed
that the earth pressure distribution around the relatively stiff arches was non~uniform
and slightly asymmetric, thus causing the arch to undergo oppreciable bending.

The transient earth pressures exerted on structures of this type were greater at some
points then the ground-surface air overpressure. This seems to be due to o combina-
tion of reflected and passive earth pressures.

The herizontal earth pressure resulting from ground-surface air overpressure is
apparently greater than had been previously anticipated.

Displacements of the 3.1 structures as a whole, as well as the relative deflection of
the crown, were minor, and directly proportional to the overpressure. During transient
loading. a necrby test structure buried at the same depth, moved at approximately the
same rate and magnitude as the free-field surrounding soil.

The end walls affect arch action for a distance of about 1 1/2 times the arch radius.

Strain gage measurement of the test structure at the 56 psi level yielded valuable
information for determining moments and thrusts in the arch. Plane sections before
loading remained plane during loading. The vertical reactions ot the springing line
were approximately equal to the ground-surface air overpressure times the horizontal
projection of the arch structure. The largest moments and thrusts occurred near the
springing fine, and this would be the probable location of any failure.

OTHER REMAPKS:

[t should be noted that a better understanding of soil=structure interaction is needed
not only for flexible metal structures, but also for the concrete arch structures des-
cribed above. Conventional methods of analysis tend to be particularly conservative;
hence, future efforts should be directed to loading response studies of this type when
subjected to long duration overpressures.

SUBSEQUENT TESTING: Norne
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OPERATION:  Plumbbob
PROJECT: 3.2

STRUCTURE IDENTIFICATION:
3.2a, 3.2b, 3.2¢, 3.2d, 3.2e, 3.2f, 3.2g, 3.2h, 3.2}, 3.2k, 3.2l,
3.2m

CROSS REFERENCE INDEX:
BURIED CONCRETE — Precaost Concrete Pipe Sections ( 3.2e, 3.2,
3.21)
BURIED STEEL —- Corrugated Steel Pipe Sections ( 3.2d, 3.2h )
( Cattlepass Sections — 3.2a, 3.2b, 3.2¢c, 3.2f, 3.2g, 3.2k, 3.2m )

REPORT REFERENCES:
WT-1421
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:

To obtair. the necessary information from which to develop eriteria for the economical
and practical selection of standard, commercially available conduit sections for use as
shelters to protect personnel from the effects of air blast and nuclear radiation was the
general purpose of this project.

The specific objectives were: (1) to mcke an empirical defermination of the degree of
protection to personnel afforded by steel and concrete conduits at various depths of
burial, when loaded in the high pressure region; {2) to assure that Department of De-
tense { DOD ) Classes 1 and if protection ( 100 psi and 50 psi, respectively ) ore afforded
by the use of buried conduits of various configurations.,

STRUCTURAL DESCRIPTION:
Twelve commercial conduits were buried ot depths varying from five feet to ten feet.
Seven of the conduits were of the 10 gage corrugated steel cattlepass type; two
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conduits were 10 gage, 8'-0" diametier circular corrugated steel. The remaining three
conduits were 8'~0" diameter circular precast concrete pipe, 2" wall thickness, rein-
forced only circumterentially with 2 lines totaling 0.57 square inches per linear foot.

STRUCTURAL DETAILS:
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SOIL CHARACTERISTICS:

Backfill consisted of a gravelly, silty, sandy soil with a dry density of approximately
117 pcf. The average water content was 8.1 percent, and the angle of internal friction
was approximately 36 degrees. The gverage cohesion was 6.1 psi.

PREVIOUS TESTING: Ncne

However, buried structures of this type were tested as "open structures" as follows:
Operation Buster-Jangle, Structure ?.la
Operation Buster-Jangle, Structure 2.1b
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SHOT:

TEST LAYQUT:

{ See Page 175)

( See Page 125)

LOADING: Structural Measurements

Conduit 3.2a

Station Number 20146.01

Type Steel
cattle-
pass

Nominal Depth of

Earth Cover { feet ) 7.5

Peak Overpressure at

Earth Surface ( psi ) 149

Positive Duration of

Pressure Pulse (sec ) 0.232

Peak Internal

Pressure ( psi ) 3.7

Peak Downward Accel-

eration of Bottom of

Conduit {g) 8.0

Maximum Vertical

Deflection from

Scratch Gages ( in) -16/16**

Residual Vertical

Deflection from

Scratch Gaoges ( in) -8/16

Gross Movement of

Conduit Bottom Relative

to Reference Point from

D+9 Days Survey (in) -5/8

* Gage failed to record
** Incomplete record

3.2b
9016.04

Steel
cattiz-
poss

10.0

126

0.206

<3

-17/16

-9/16

+7/8

3.2¢
?016.03

Steel
cattle-

pass

7.5

126

0.206

2.0

<5

__]4/16**

-4/16

-11/2

3.2d
9018.01

Steel
circular

7.5

126

-12/16**

-8/16

~5/8

3.2e
2017.01

Concrete
circular

7.5

126

3.0

<5

-10/16

-5/16

-11/2
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3.2f
9016.02

Steel
cattle=
pass

5.0

126

3.0

5.0

-16/16

-8/16

+1/8

124

3.2g
20146.05

Steel
cattle=
pass

7.5

100

0.333

2.0

5.0

-10/16

-3/16

-3/4

3.2h
9018.02

Steel
circular

7.5

100

0.333

1.3

<5

-14/16

-8/16

3.2
9017,02

Concrete
circulor

7.5

100

3.0

<5

-5/16

-2/16

-11/4

3.2
?016.07

Steel
cattle~
pass

7.5

60

1.0

<10

-6/16

+1/16

3.2
9017.03

Concrete
circular

7.3

60

0.351

1.5

<10

-5/16

-1/16

-15/8

3.2m
2016.06

Steel
cattle-
poss

5.0

60

1.7

<5

-4/16

+ 1/16

-11/4



SHOT:

Name: "Priscilla"
Type: Balloon
Yield: 36.6 KT
Height of Burst: 700 feet
Date: 24 June 195/

TEST LAYOUT:
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(3.2k1 A R
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(3.2))0O
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8 (3.2n@
/ ~
F-3.2-9016.05 § 7-6"
(3.29)4 / A CATTLE PASS
O CIRCULAR CONCRETE
E?/ 0. CIRCULAR STEEL
-_ DEPTH OF COVER

Gz
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SUMMARY :

Based on the preliminary data availeble, the report concludes that all types of
conduit sections tested provided adequate 100 psi protaction. The structures were
instrumented with scratch deflection gages, self recording pressure versus time
gages, peak pressure gages, dynomic accelerometers, and peak accelerometers.
Structural deflections were minor.

In addition, for the particular conditions of this test and within the accuracy of
the overpressure measurements, it was observed that all conduits tested provided
adequate protection against nuclear radiation. Present knowledge does not justify
maoking more general conclusions.

OTHER REMARKS:

Structutes of this type could probubly withstand considerably greoter overpressures
under certain soil conditions and bockfill techniques. The observations of this
project are particularly limited until on appropriate theory can be developed for
the response of flexible conduit-soil interaction conditions.

SUBSEQUENT TESTING:  None
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OPERATION:  Plumbbob
PROJECT: 3.3
STRUCTURE IDENTIFICATION: 3.3¢, 3.3b, 3.3

CROSS REFERENCE INDEX:
BURIED STEEL — Corrugated Steel Arch Shelters

REPORT REFERENCES:
WT-1422
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman’s Flat
Nevada Test Site

QOBJECTIVES:
To determine protection from blast and radiation offorded by earth-covered, prefabrica-
ted ammunition storoge mogazines used as personne! shelters.

STRUCTURAL DESCRIPTION:

Three earth-covered, prefabricated ammunition storoge magozines were tested. Al
three structures basically consisted of Navy stock, 25 feet by 48 feet ammunition storage
magazines ( 10 gage Armco multiplate ). Two structures, 3.3a ond 3.3c contained 6"
steel strengthening ribs.

STRUCTURAL DETAILS: ( See Pages 12&and 129)

SQIL CHARACTERISTICS:

Backfill existed of a gravelly, silty, sandy soil with a dry density of opproximately
115 pcf. The average water content was 8.1 percent; and the angle of internal
friction was 45 degrees. The overage cohesion wos 1.4 psi.

PREVIQOUS TESTING: .
Similar structures with different earth configurations were tested in Operation Upshot-

Knothole os Structure 3.15 ond Operation Teapot as Structure 3.6. (See text pages 70
and 95)
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STRUCTURAL DETAILS:
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TEST LAYOUT:

F-3.3-9019,03

F-3.3-50I18.0i

] (jF-3.3-9060 U
we=| ] BLAST CLOSURE W,
by had r [
38 pS VALVE PLENUM £
§_n3 L] §:
! [

LOADING:

structure

Type of structure

Nominal depth of earth cover { feet )
Peak Overpressure at earth surface { psi )
Positive duration of pressure pulse { msec )
Dynamic pressure { psi }*

Peak internal pressure ( psi )

Peak vertical acceleration of floor { g )

3.3a

Ribbed

5

100

333

310

2.7
<3

3.3

Ribbed
5

60

200
0
<3

3.3

Not ribbed
5

60

361

200

I.0

<3

* From preliminary composite dynamic pressure curve for height of 3 feet
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SUMMARY':

Pieliminary deiu indicates that the structyral systems tested provided sdegqusate 50 psi
protection. All structures provided adequate total protection agaornst the initial gamma
and nevtron radiation from a 39.0 KT relatively high neutron flux device. Instrumenta-
tion consisted of scratch type deflection gages, self-recording pressure versus time
gages, peak-pressure gages, dynamic accelerometers, ond peak accelerometers. Radia-
tion instrumentation consisted of gamma film packets, chemical dosimeters, and neutron
threshold devices.

The unreinforced 4" concrete floor slab of structure 3.3a exhibited minor cracking os

shown in the following plan. The footings were not integral with the slab and deflected
downward. Cracks appear to be due to trictional drag of the moving footings.

| N A

GZ

CRACK PATTERN OF FLODR - STRUCTURE 3.3a

In addition, for the particular conditions of this test and within the accuracy of the

overpressure measurements, it was observed thot:

{ 1) The steel arch structure without arch ribs withstood o peak overpressure of 56 psi
with no significant structural damage.

(2) The steel arch structure with arch ribs withstood a peak overprassure of 100 psi
with minor joint slippage ond floor cracking.

(3) All three structures tested provided adequate protection against nuclear radiotion.
SUBSEQUENT TESTING: None

Structures of o similar type were tested in Operation Hardtack, Project 3.2 (WT-1626).
{See text page 189)



OPERATION:  Plumbbob
PROJECT: 3.4
STRUCTURE IDENTIFICATION:  3.40, 3.4b, 3.4

CROSS REFERENCE INDEX:
LOADING-RESPONSE EXPERIMENTAL SYSTEMS — Buried Steel

Beam Response Elements

REPORT REFERENCES:
WT~1423
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman's Flot
Nevada Test Site

OBJECTIVES:

To determine the blast response of underground beams in order to supplement the findings
of the original tests { Operation Upshot-Knothole, Project 3.8 and Operation Teapot,
Project 3.4 ) with respect to effective vertical earth pressures and their attenuation
with depth.

STRUCTURAL DESCRIPTION:

Three structures, 3.4a, 3.4b, 3.4c consisted of concrete boxes with 8 foot long simply
supported steel beam strips os roofs. The beom strips for each of the structures included
members of each of three different degrees of flexibility; earth cover was 1 foot, 4 feet,
and 8 feet respectively. Three of the plostic or "P Beams" in each of the structures
were altered from those tested in Operation Upshot-Knothole as shown in Sirvetural
Netails,

STRUCTURAL DETAILS: (See Page 133)
SOIL CHARACTERISTICS:

Tan silt with a trace of clay. In its natural state the soil is very friable. It is horizon=
tally stratified, has vertical joints which are local zones of weokness, and contains mony
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voids. Limited tests of the undisturbed scil in this area prior to the Upshot=-Knothcle
tests gove values of 86.6 pef for the dry density, 10.5 percent for the water content,
and 95.5 pef for the wet density. The unconfined compressive strength determined
on three samplies gave results of 1.1, 2.1. and 4.3 tons per square foot.

No additional soil data was cbtained during QOperation Plumbbaob.

STRUCTLIRAL DETAILS:

g-0 -
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! : n
_]I ~ ]
ol M BEAM
L
£t BEAM
I - 21 1/4 x 1/2 PL. i- 211/4 » 1/2 PL.
4- 7098 4-7L98
Sy ]E —'N.A. _ N.A. ™ . S
- “ | :‘ﬁ- E:II—TT
| —e—] m— ‘:L-——
P BEAM MODIFIED P BEAM
{11/2" REMOVED FOR |'
EACH SIDE OF CENTERLINE )}
SECTIONS

PREVIOUS TESTING:
Operation Upshot-Knothole, Project 3.8 (WT-727 ) (See text page 63)
Operation Teapot, Project 3.4 (WT-1127 ) (See text page 91)
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SHOT:

Name: "Priscilla"
Type: Batloon
Yield: 36.6 KT
Height of Burst: 700 feet
Date: 24 June 1957

TEST LAYOUT:

ASSUMED

NORTH
3.4a B /4 —(835'W, 336'N)

3.4b (852" W, 251' N }

3.4c

®
o

. _BLAST LINE

—_——

SITE PLAN

T [3ac l +] 1

| ELEVATION B-B

ELEVATION A-A

LOADING:
Shot 5:
Precursor: Rise Time — essentially zero
Overpressure — 25 psi
Duration — 55 msec
Main Pulse:  Rise Time — 45 msec
Peak QOverpressure — 160 psi
Duration — 180 msec




Ihe results of this test were made uvailuble fu personnel engaged in the two previous
tests. |t was the concensus of opin?on that, while the data could well serve to further
the findings of the earlier tests, this weuid regquire extended onalysis. Such an effort
could not be undertaken within the scope of the present program; thereiore, no guenti-
tative interpretation of resulis is offered. Certain qualitative obscrvations, however,
were clear.

On the bosis of the measured beam response there seemed to be no doubt that in the
type of soil encountered, there was a significant attenuction of effective vertical earth
pressures within the first few feet of depth. ( Effective vertical earth pressure refers

to the damage producing agent, not to the free-field pressure; in other words, the test
results show o significant damage attenuation with depth. ) The opposite conclusion
was reached in the original Upshot-Knothole 3.8 test and was apparently reaffirmed in
the Teapot 3.4 test.

Anather conclusien reached in earfier tests was that the beams behaved as though
loaded with the vertical forces acting on the earth’'s surface immediately overhead.
In view of the significant variation in response of presumably identical beams in the
same structure, it does not seem reasonoble to assign only a passive role to the soil in
regard to the transmission of vertical pressure.

it is believed that the Plumbbob test was extremely worthwhile and that the date
gothered represented o significont addition to the limited empirical information re=~
lating to the blast response of underground structures.

OTHER REMARKS:

The conclusions reached in earlier tests relating to the lack of attenuation with depth
of effective vertical earth pressures and the response of the test beams to these loads
need to be re~evaluated in light of the Plumbbob test data.

SUBSEQUENT TESTING: MNone
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CPERATION:  Plumbbob
PROJECT: 3.5
STRUCTURE IDENTIFICATION: 3.5

CROSS REFERENCE INDEX:
LOADING-RESPONSE EXPERIMENTAL SYSTEMS — Buried Isolated
Response Cylinders

REPORT REFERENCES:
WT-1424
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Frenchman's Flat
Nevada Test Site

QBJECTIVES:

The overall objective was to make on initial study of the benefit derived from special
backfills in isolating or protecting underground structures and their contents from the
physical effects of explesions. The immediate cbjective was to test the value of two
specific forms of special backfill — namely, frongible elements and shear barriers.

STRUCTURE DESCRIPTION:

For this experiment, two test structures and cne comparison structure were used. Each
test structure consisted of a reinforced concrete pipe enclosing a steel cylinder separated
from the pipe by rubber "O" rings. OQutside the concrete pipe wos a special frangible
backfill ( gloss bottles } around the sides and bottom. The comparison structure consisted
only of a concrete pipe with a solid concrete bottom. All three structures were placed
below ground with their axes vertical and their tops approximately 2 feet below ground
level, and with a concrete slub 1 foot thick and 15 feet wide above each. One test
structure and the comparison structure were placed 750 feet from ground zero ( 300 psi
predicted peak overpressure; 229 psi actual ). The remaining test structure was placed
1,050 feet from ground zero ( 100 psi predicted peck overpressure; 104 psi actual ).
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STRUCTURAL DETAILS:
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SOIL AND SPECIAL BACKFILL CHARACTERISTICS:

The excavation for these structures was accomplished by power ougering. For each
structure a hole was augered 5 1/2 feet in diameter and 15 feat deep. Thg backfill
of dry sand was compacted by eccentric vibrators commenly used in the placement of
concrete .

1t was considered desirable that the frangible bockfill should: (1) have @ small elastic
compressive change of volume under the static foundation loads; (2) be impervious to

water; ond {3) fail ond torm voids under the influence of stresses produced by explesions.

Consideration of various possibilities led to the conclusion that glass battles were attrac-

tive from the standpoint of stiffness, water imperviousness, and good aging characteristics.,

It is further concluded that square shapes, with their better characteristics of frangibility
would be more satisfactory than round ones. Specifically, it was recognized that the
collapse under external pressure of square shapes was likely to be both more uniform and
at a lower value of pressure than that of round shapes.

It was desired that the frangible elements withstand, without failure, pressures of the
order of 20 psi. It was desirable to find frangible elements that definitely would fail
at pressures little above the value of 20 psi, since the project would fail to dbtain date
if the frangible backfill were not broken by the explosion forces.

Laboratory experiments on o wide range of sizes and shapes of glass bottles disclosed ihat
square gin bottles most closely titted the desired specifications. Quart gin bottles were
found to fail under external pressures runging from 30 to 50 psi, with the major fraction
faiting between 25 and 45 psi. The next strongest alternatives tested were square milk
bottles, which failed at pressures of approximately 65 psi.  All bottles of smaller size
withstood 100 psi successfully,

To aveid complete coilapse, the bottles were placed around the side of the structure so
that they covered about 53 Percent of the ares. Thus, there remajned about 47 percent
of the area in which the sand backfill was initiolly in contact with the structure. Since
it was expected thot the earth { motion ) stresses and strains would be first a verticol com-
pression and then a radjal comprescion, it was decided that the bottles should be placed
with their axes horizontal rather than vertical . With this orientation, the frangible
backfill would be expected to collapse at an earlier time and under o lower total stress
than with any other orientation.

The design of the frangible backfill below the bottom of the concrete pipe and of the
inner cylinder required a quite different approach, because the applied forces were
expected to be of an entirely different chargcter. |t was estimated that the verticel
motion of the soil gt the 12 foot depth, where the bottoms of the structures were, would
be o nearly instantanecus downward displacement of between 1 and & inches. | either,
or both, the frangible backfill outside the concrete pipe and the rubber rollers between
the inner cylinder and the concrete Pipe served as satisfactery sheer barriers, it was
expected that the structures would remain essentially stationary during this downward
displacement of the soil, Hence, the problem of designing the frangible backfill
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underneath the structures was primarily the problem of minimizing the upward accelerg-
tion required to reduce their velocity to zerc ot the time they returned to contact with
the soil that had dropped out from under them.

Just os in the case of the frangible backfill at the sides, complete collapse of the bottom
backfill was not desirable. For both the inner cylinder and the outer concrete pipe, the
the static vertical load was carried by the square bottles. To avoid the catastrophic
collapse when the bottles broke, styrofoam columns were placed between the bottles.
Preliminary tests showed that tapered columns ( wedges ) were superior to straight-sided
ones; hence, tapered styrofoam columns were placed between the bottles under the

inner cylinder. The weight of the outer cylinder { 4, 800 pounds ) required eight bottles
for support under static conditions, and the remaining space was sufficient only for
straight=sided styrofoam columns.

PREVIOUS TESTING: None

SHOT:
Name: “Priscilla™
Type: Balioon
Yield: 36.6 KT
Height of Burst: 700 feet
Date: 24 June 1957

TEST LAYOQUT:

/‘\\5‘\—-. — _losg
’ N

AST LINE B }
| BLAS . s - : :

o — Gz
ol ]\ FREE FIELD SuBSURFACE
4l 0 MEASUREMENTS
4
TEST STRUCT.  ‘at TEST STRUCTURE (Ne. )
(Neo. 3) LQ\
COMPARISON STRUCT. (No. 2)
LOADING:
{ Peck surface air overpressure )
750 foot range: 229 psi
1050 foot range: 104 psi
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SUMMARY:

The conclusions derived from this experiment is that special backfills designed to reduce
the coupling between underground structures and the surrounding soil have significant
promise .

The following specific conclusions are drawn:

(1) The peak downward acceleration of the outer part of Structure No. 1 ( test ) was
26 percent of the corresponding free—field value at o 10 foot depth. This is the best
evidence of the value of the frangible elements and sand.

(2) The peak downward acceleration of the jnner part of Structure No., 1 { test ) was
21 percent of that of the outer cylinder. This is the best evidence of the value of
the rubber "O" rings as shear barriers. [t suggests promise of |ubricant-type shear
barriers.

{3) The horizontal motion of the inner part of Structure No. | { test ) was significantly
less than that of the free field ot 10 foot depth or of Structure No. 2 { comparison ).
Since both the frangible backfilt and the "O" rings acted as compression barriers to
horizontal metion, it is net pessible to conclude which type of isolation gave the most
benefit. The motions were small, and it may well be thgt the resiliency of the "O"
rings was a major factor,

(4) The horizontal motion of Structure No. 2 ( comparison ) was approximately the
same as that of the free field at o 10 foot depth.

(5) The peck downward acceleration of the cuter part of Structure No. 3 { test ) was
less than 50 percent of the corresponding value at @ 10 foot depth.  This describes the
value of the frangible elements and sand for this structu-e.

(6) The horizontal motion of the inner part of Structure No. 3 { test ) showed important
departures from the motion of the free field 10 foot depth. These differences were
believed to be due primarily to the effect of the "O" rings; but the effect of the frangible
elements and sand were also included, and the two cannot be separated ,

(7)  The benefits of this specific arrangement of {rangible backfill gnd sand were signi-
ficant at the 104 psi averpressure level, and were more impressive at the 229 psi level,

SUBSEQUENT TESTING: Nane
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OPERATION:  Plumbbobs
PROJECT: 30.2
STRUCTURE IDENTIFICATION: 30.2

CROSS REFERENCE INDEX:
BURIED CONCRETE — Reinforced Concrete Parking Garage-Shelter

REPORT REFERENCES:
ITR-1449
Civil Fffects Test Group Report
Available through Office of Technical Services
Department of Commerce
Washington 25, D.C,

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:

To evoluate the capabilities of o reinforced concrete dual purpoese underground parking
garoge and personnel shelter in providing protection against the effects of a nuclear
weapon .

STRUCTURAL DESCRIPTION:

The test section wos a below grade flat slab structure with an Interior tloor area of
7569 square feet { 87 feet by 87 feet ) and nine interior columns 29 fect on center.
Access was provided by o 14 foot wide vehicular ramp along one side of the structure.
The roof slab was 3 feet below grade and the walls of the structure were 12 inches
thick, except for the exposed wall along the ramp which was 4 feet 6 inches thick.

STRUCTURAL DETAILS: ( See Page 142)

SOIL CHARACTERISTICS:

The soil possessed a state of high consolidation and o natural prestress of 10 tsf. A
perculiar charasteristic of the soil was high triaxial stresses ond small strains at failure
os evidenced by laborarory fests.

PREVIOUS TESTING: None
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STRUCTURAL DETAILS:
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SHOT:

Name: "Prisciila™
Type: Balloon
Yield: 36.6 KT
Height of Burst: 700 feet
Date: 24 June 1957

TEST LAYQUT:

LOUTSIDE CF FOOTING LINE

e
W.F

LOADING:
Limited information available. The peak incident overpressure measured on the earth
surface was 42 psi.

SUMMARY:

The test structure provided adequate protection against blast and radiation. The rise

fn interior pressure did not exceed 1.0 psi.  The only failures that occurred ware the
end retaining wall near the entrance and the pneumatic seal around the door frame.
Instrumentation consisted of Wyancko pressure goges, Carlson earth pressure gages,
dynamic pressure gages, and o self recording pressure gage. Radiation measurements
were taken using film dosimeters, gamma radigtion chemical dosimeters, and one gomme-
rate telemetering unit.

OTHER REMARKS:
The flat-siab roof and supporting structure are more than adequate to resist the 42 psi
peak incident test loading.

The shear stresses used for design were substantially in excess of values recommended by
other sources and were conservative .

SUBSEQUENT TESTING: None
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OPERATION:  Plumbbob
PROJECT: 30.3
STRUCTURE IDENTIFICATION: 30.3

CROSS REFERENCE INDEX:
SEMI-BURIED CONCRETE — Semi-Buried Reinforced Concrete
Family Shelters

REPORT REFERENCES:
ITR-1450
Civil Effects Test Group Report
Available through Office of Technical Services
Department of Commerce
Washington 25, D,C,

LOCATION: Frenchman's Flat
Nevada Test Site

OBJECTIVES:
To determine the level of protection afforded by a cencrete family type shelter; and
ta collect data to aid in establishing criteria for future designs,

STRUCTURAL DESCRIPTION:

The three structures were constructed of reinforced concrete, and were designed to
occommodate six persons and supplies for seven days. Added protection was gained by
mounding earth aver the reinforced concrete structures.

STRUCTURAL DETAILS: ( See Page 14 5)

SOIL CHARACTERISTICS:
Soi! ronsisted of a dessicoted brewn clayey silt.

FREVIOUS TESTING:  None
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STRUCTURAL DETAILS:
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SHOT:

Name: "Priscillg"
Type: Balloon
Yield: 36.6 KT
Height of Burst: 700 feet
Date: 24 June 1957

TEST LAYOUT:
The ranges of the thiee structures that were placed at Frenchman's Flat were at over-
pressure locations of 65 psi, 48 psi, and 30 psi.

LOADING:

Only limited information available. Assumed loadings for the three structures are 65 psi,
48 psi, ond 30 psi.

SUMMARY:

Examination revealed tha* there was little or no deflection in the reinforced concrete
members. Permanent damage was confined to the expeosed portions of the ventilation
pipes, which were bent to a nearly horizontal position.

SUBSEQUENT TESTING: None




OPERATION:  Plumbbob
PROJECT: 30.6
STRUCTURE [DENTIFICATION: 30.4 1f-1

CROSS REFERENCE INDEX:
BURIED CONMNCRETE — Reinforced Concrete Box Section Personnel

Shelter ( French Type )

REPORT REFERENCES:
WT-1453
Civil Effects Test Group Report
Available through Office of Technical Services
Department of Commerce
Washington 25, D.C.
LOCATION: Yucca Flat
Neveda Test Site

OBJECTIVES:
Not ovailable; however, it is presumed to be the evaluation of personnel structures

subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTION:
French personnel shelter Type 60 — buried reinforced concrete box structure, 2 feet

thick in floor, walls, and roof.

STRUCTURAL DETAILS:
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SOiIL CHARACTERISTICS:

No soil data stated; however, backfill wos typical of Yucca Flat ot the Nevada Test
Site. The olluvium in Yucca Flat varics in character from clayey and silt=sized
particles, to coobles and boulders.  The composition of this material is chiefly lime-
stone and volcanic tuff with smaller omounts of other volcanics, quartzite, conglomer-
ate und sandstone.  The alluvium is poorly consolidated except where the particles
are cemented by caliche or where beds of caliche exist. Density of the atluvium
varies from 1.3 to 1.8 kilograms per liter; that is, 88 to 112 pounds per cubic foot,

PREVIOUS TESTING:
Nene in the United States.

SHOT:
Nome: "Smoky"
Type: Tower
Yield: 43.BKT
Height of Burst: 700 feet
Date: 31 August 1957
Range: approx . 900 feet
LOADING:
Peak Overpressure: 145 psi { approx. }
Positive Phase Duration: 0.24 sec
SUMMARY:

The exposed entranceways of the structure were scoured by the blast. Above ground cir
stacks were severely damaged. The pattern of cracks in the entranceway roof, walls and
stairs indicated that the concrete construction was forced outward into the soil . Crack-
ing was extensive but of small sizes. Only minor cracks occurred in the below ground
areas.




OPERATION:  Plumbhbob
PROJECT: 30.6
STRUCTURE IDENTIFICATION: 30.6 11-2

CROSS REFERENCE INDEX:
BURIEC COMCRETE — Precast Concrete Pipe Sections

REPORT REFERENCES:
WT-1453
Civil Effects Test Group Report
Availabte through Office of Technical Services
Departmer, of Commerce
Washington 25, D.C.

LOCATION: Yucca Flat
MNevada Test Site

OBJECTIVES:
Not available; however, it is presumed to be the evaluation of personnel structures
subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTION:
French personnel shetter Type 50. Buried reinforced concrete underground structure
consisting of 10 inch thick precast rings. Entrance wos of poured~in-place concrete.

STRUCTURAL DETAILS.
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SOIL CHARACTERISTICS:

No soil dota stated; however, backfill wos typical of Yucca Flat at the Nevada Test
Site. The alluvium in Yucca Flot varies in character from clayey and silt-sized
particies, to cobbles and boulders. The composition of this makerial is chiefly lime-
stone and volcanic tuff with smaller amounts of other volcanics, quartzite, conglomer-
ate and sandstone. The aliuvium is poorly consolidated except where the particles
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 kilogroms per liter; that is, 88 to 112 pounds per cubic foot.

PREVIOUS TESTINC:
None in the United States.

SHOT:
Name: “Smcky "
Type: Tower
Yield: 43.8KT
Height of Burst: 700 feet
Date: 31 August 1957
Range: approx . 700 feet
LOADING:
Peck Overpressure: 115 psi { approx. }
Positive Phase Duration: 0,24 sec
SUMMARY':

Mo damage to poured concrete; however, circular precast rings exhibited extensive
cracking ond spalling.
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OPERATION:  Plumbbob
PROJECT: 30.46
STRUCTURE [IDENTIFICATION: 30.6 11-3

CROSS REFERENCE INDEX:
BURIED CONCRETE — Reinforced Concrete Box Section Personnel
Shelter ( French Type )

REPORT REFERENCES:
WT-1453
Civil Effects Test Group Report
Availoble through Office of Technical Services
Department of Commerce
Washington 25, D.C.

LOCATION: Yucea Flat
MNevada Test Site

OBJECTIVES:
Not available; however, it is presumed to be the evaluation of personnel structures
subjected to cverpressures from atamic weapons.

STRUCTURAL DESCRIFTIONM:
French personnel shelter Type 65, Buried reinforced concrete structure with floor, walls,
ond roof two feet thick.

STRUCTURAL DETAILS:  ({ See Page 152)

SOIL CHARACTERISTICS:

No soil data stated; however, backfill was rypical of Yucca Flat at the Nevadg Test
Site. The alluvium in Yucca Flat varies in character from clayey and silt=sized
particles, to cobbles and b oulders. The composition of this material is chiefly lime=
stone and voleanic tuff with small amounts of other valcanics, quortzite, conglomer-
ate and sondstone.  The alluvium is poorly consolidated except where the particles
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 kilograms per liter; that is, 88 to 112 pounds per cubic foot,
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STRUCTURAL DETAILS:
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PREVIQUS TESTING:
MNone in the United Stotes,

SHOT:
Nome: "Smoky "
Type: Tower
Yield: 43.8KT
Hoight of Burst: 700 feet
Date: 31 August 1957
Range: approx. 00 feet
LOADING:
Peak Overpressure: 115 psi ( approx. }
Positive Phase Duration: 0.24 sec
SUMMARY :

Minor domage observed. Minor cracking in walls { less than 1/32 inch width).
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OPERATICN:  Plumbbot
PROJECT: 30.5
STRUCTURE IDENTIFICATION: 30.411-4

CROSS REFERENCE INDEX:
BURIED COMNCRETE — Reinforced Concrete Box Section Persennel
Shelter ( French Type )

REPORT REFEREMNCES:
WT-1453
Civil Effects Test Group Repart
Available through Office of Technical Services

Department of Commerce
Washington 25, D.C,

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:
Not availoble; however, It is presumed to be the evaluation of personnel structures
subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTION:

French personnel shelter Type 65. Buried reinforced concrete structure with floor,
walls, and roof two feet thick.

STRUCTURAL DETAILS: { See Page 154)

SOIL CHARACTERISTICS:

No soil data stated; however, backfill was typical of Yucca Flat af the Nevada Test
Site. The alluvium in Yucca Flat varies in character from clayey and silt-sized
particles, to cobbles ond boulders. The composition of this material is chiefly lime-
stone and velcanic tuff with small amounts of other volcanics, quartzite, conglomer-
ate and sondstone.  The alluvium is poorly consolidated except where the particies
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 kilograms per liter; that is, 880 112 pounds per cubic foot.
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STRUCTURAL DETAILS:

SECT. A-A SECTION

PREVIQUS TESTING:
None in the United Stotes.

SHOT:
Name: “Smoky "
Type: Tower
Yield: 43.8 KT
Height of Burst: 700 feet
Date: 31 August 1957
Range: approx. 900 feet |
LOADING:
Peak Overpressure: 115 psi { approx.) '
Positive Phase Duration: 0.24 sec '
SUMMARY:

Minor structural damage. Entrance focing away from ground zero was badly damaged.
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CPERATION:  Plumbbok
PROJECT: 30.6
STRUCTURE IDENTIFICATION:  30.611-5

CROSS REFERENCE [NDEX:
BURIED COMNCRETE — Reinforced Concrete Box Section Personne |
Shelter { French Type )

REPORT REFERENCFES:
WT 1453
Civil Effectz Test Group Report
Available through Office of Technica! Services
Department of Commerce
Washington 25, D.C.

LOCATION: Yuecca Flaf
Nevada Test Site
OBJECTIVES:
Not available; however, it is presumed to be the evaluation of personne! structures
subjected to overpressures from atemic weapons,

STRUCTURAL DESCRIPTION:
French personnel shelter Type 5. Buried reinforced concrete structure with floor,
walls, and roof two feet thick.

STRUCTURAL DETAILS: { See Page 155)

SCIL CHARACTERISTICS:

No soil data stated; however, backfill was typical of Yuccs Flat at the Nevada Test
Site. The alluvium in Yucca Flat varies in character from clayey and silt-sized
particles, to cobbles and boulders. The compesition of this material is chiefly lime-
stone and volcanic tuff with small amounts of other volcanics, quartzite, conglomer-
ate and sandstone.  The alluvium is poorly comsolidated except where the particles
are cemented by caliche or where heds of coliche exist. Density of the alluvium
veries from 1.3 to 1.8 kilogroms per liter; that is, 88 te 112 pounds per cubic foot.
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STRUCTURAL DETAILS:
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PREVICUS TESTING:
None in the United States.
SHOT:
Name: "Smoky"
Type: Tower
Yield: 43.8 KT
Height of Burst: 700 feer
Date: 31 August 1957
Range: approx. 1000 feet
LOADING:
Feak Overpressure: 115psi { approx. )
Positive Phase Duration: 0.26 sec
SUMMARY

Very minof structural dainage to buried portions.




OPERATION: Plumbbob
PROJECT: 30.7
STRUCTURE IDENTIFICATION:  30.7 RAo

CROSS REFERENCE INDEX:
BURIED COMNCRETE — Reinforced Concrete Box Section Personnel
Shelter ( German Type )

REPORT REFERENCES:
WT-1454
Civil Effects Test G-oup Report
Avcilable through Office of Technical Services
Department of Commerce
Washington 25, D.C.
LOCATION: Yucca Flat
Nevada Test Site
OBJECTIVES:
Not availoble; however, it is presumed tobe the evaluation of personne! structures
subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTEOMN:
German personnel shelter Type A. Buried rectangular reinforced concrete box with
haunched roof.

STRUCTURAL DETAILS:  ( See Page 138}

SOIL CHARACTERISTICS:

No soil data stated; however, backfill was typical of Yucza Flat of the Nevaoda Test
Site. The alluvium in Yucca Flat varies in character from clayey and silt-sized
particles, to cobbles and boulders.  The composition of this material is chiefly lime-
stone and volcanic tuff with small amounts of other volcanics, quartzite, conglomer—
ate and sandstone . The alluvium is poorly consolidated except where the porticles
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 kilograms per liter; that is, 28 1o 112 pounds per cubic foot.
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STRUCTURAL DETAILS:
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PREVIOUS TESTING:
Nene in the United States.
SHOT:
Name: "Smoky "
Type: ¥ wer
Yield: 3.8 KT
Height of Burst: 700 feet
Date: 31 August 1957
Range: 840 feet
LOADING:
Peak Overpressure: 19C psi
Pesitive Phase Duration: 0.11 sec
SUMMARY:

OCnly hairline cracks were observed in buried portions of structure, however, the
entranceway was badly damaged.
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OPERATION:  Plumbbeb
PROJECT: 30.7
STRUCTURE IDENTIFICATION:  30.7 RAb

CROSS REFERENCE INDEX:
BURIED CTONCRETE — Reinforced Concrete Box Section Personnel
Shelter ( German Type )
REPORT REFERENCES:
WT-1454
Civil Effects Test Group Reporf
Available through Office of Technical Services
Department of Commerce
Washington 25, D.C,
LOCATION: Yucca Flot
Nevada Test Site

OBJECTIVES:
Not available; however, it is presumed to be the evaluation of personnel structures
subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTION:

German personnel shelter Type A.  Buried rectangulor reinforced concrete box with
haunched roof .

STRUCTURAL DETAILS:  { See Page 160)

SOIL CHARACTERISTICS:

No soil data stated; however, backfill was typical of Yucca Flat at the Mevoda Test
Site. The alluvium in Yucce Flat varies in character from clayey and siit-sized
porticles, to cobbles and ooulders. The composition of this material s chiefly lime-
stone ond volcanic tuff with small omounts of other volcanics, quartzite, conglomer-
ate ond sandstone.  The alluvium is poorly consolidated except where the particles
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 kilograms per liter; that is, 88 to 112 pounds per cubic foot .
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STRUCTURAL DETAILS:
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PREVIOUS TESTING:
None in the United States.
SHOT:
Name: "Smoky *
Type: Tower
Yield: 43.8 KT
Height of Burst: 700 feet
Date: 31 August 1957
Renge: 1000 feet
LOADING:
Peck Overpressure: 115 psi
Positive Phase Duration: 0.26 sec
SUMMARY:

The moin structure had 1/32 inch cracks in the floor and hairline crocks in the roof and
wall.  The entrancewoy was domoged extensively .
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OPERATION:  Plumbbaob
PROJECT: 30.7
STRUCTURE IDENTIFICATION:  30.7 RAc

CROSS REFEREMNCE INDEX:
BURIED COMNCRETE — Reinforced Ceoncrete Box Section Personne!
Shelter { German Type )
REPORT REFERENCES:
WT-1454
Civil Effects Test Group Report
Available through Office of Technical Services
Department of Commerce
Washington 25, D.C.
LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:
Mot available; however, it is presumed to be the evaulation of personnel structures
subjected to averpressures from atomic weapons.

STRUCTURAL DESCRIPTION:
German personnel shelter Type A.  Buried rectangular reinforced concrete box with
haunched roof.

STRUCTURAL DETAILS:  { See Page 162 )

SOIL CHARACTERISTICS:

No soif data stated; however, backfi!l was typical of Yucca Flat ot the Nevada Test
Site. The alluvium in Yucea Flat varies in character from clayey and silt-sized
particles, to cobbles and boulders. The composition of this material is chiefly lime-
stene and volcanic tuff with smafl amounts of other voleanies, quartzite, conglomer-
ote and sondstone.  The alluvium is poorly consolidated except where the particles
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 kilograms per liter; that is, 88 to 112 pounds per cubic foot.
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STRUCTURAL DETAILS:

SECTION SECT. A-A

PREVIOUS TESTING:
Nene in the United States.

SHOT:
Name: "Smoky "
Type: Tower
Yield: 43.BEKT
Height of Burst: 700 feet
Daote: 31 August 1957
Range: 1000 feet
LOADING:
Peak Qverpressure: 115 psi
Positive Phase Duration: 0.26 sec
SUMMARY

Hairline flexural cracks only observed in main structure. Numerous cracks in
entranceway .
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OPERATION:  Plumbbob
PROJECT: 30.7
STRUCTURE IDENTIFICATION:  30.7 RAd

CROSS REFERENCE INDEX:
BURIED CONCRETE — Reinforced Concrete Box Section Personnel
Shelter { German Type }

REPORT REFERENCES:
WT-1454

Civil Effects Test Group Report
Available through Office of Technical Services
Department of Commerce

Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site
OBJECTIVES:
Not available; however, it is presumed to be the evaluation of personnel structures
subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTION:
German personnel shelfter Type A.  Buried rectangular reinforced concrete box with
haunched reof.

STRUCTURAL DETAILS: ( See Page 164)

SOIL CHARACTERISTICS:

No soil data stated; however, backfill wos typical of Yucca Flat ot the Nevada Test
Site. The alluvium in Yucca Flat varies in character from clayey and silt-sized
particles, to cobbles and boulders. The composition of this material is chiefly lime-
stong and volcanic tuff with small amounts of other volconics, quartzite, conglomer-
ate and sandstone . The olluvium is poorly consolidated except where the particles
are cemrented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 kilograms per liter; that is, 38 to 112 pounds per cubic foot.
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STRUCTURAL DETANS:

SECTION SECT. A-A

PREVIOUS TESTING:
None in the United States .

SHOT:
Name: "Smoky"
Type: Tower
Yield: 43.8 KT
Height of Burst: 700 feet
Date: 31 August 1957
Renge: 1176 feet
LOADING:
Peak Owerpressure: 82 psi
Positive Phase Duration: 0.30 sec
SUMMARY

Mo damage to shelter; however, slight damage to entranceway .
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OPERATICN:  Plumbbob
PROJECT: 30.7
STRUCTURE [DENTIFICATION:  30.7 CAa

CROSS REFERENCE INDEX:
BURIED COMNCRETE - Reinforced Concrete Cylindrical Saction
Personael Shelter { German Type )

REPORT REFERENCES:
WT-1454
Civil Effects Test Group Report
Avdilable through Qffice of Technical Services
Department of Commerce
Washington 25, D.C.

LOCATION:  Yucea Flat
Nevada Test Site
OBJECTIVES:
Not available; however, it is presumed to be the evaluation of petsonne | structures
subjected to overpressures from gtomic weapons.

STRUCTURAL DESCRIPTION:
German personnel shelter Type A. Cylindrical poured-in-place reinforced concrete
shelter.

STRUCTURAL DETAILS:
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SECTION SECT. A-A
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SOIL CHARACTERISTICS:

Neo soil dota stated; however, backfill was typical of Yucca Flat at the Nevada Test
Site. The alfuvium in Yucea Flat varies in character from clayey and silt-sized
particles, to cobbles and boulders. The composition of this moterial is chiefly lime-
stone and volcanic tuff with small amounts of other volcanics, quartzite, conglomer-
ate and sendstone. The alluvium is poorly consolidated except where the particles
are cemented by caliche or where beds of caliche exist. Dersity of the alluvium
varies from 1.3 to 1.8 kilograms per liter; that is, 88 to 112 pounds per cubic foot.

PREVIOUS TESTING:
None in the United States.

SHOT:
Name: "Smoky "
Type: Tower
Yield: 43.8 KT
Height of Burst: 700 feet
Date: 31 August 1957
Range: 900 feet
LOADING:
Peak Overpressure: 160 psi
Positive Phose Duration: 0.24 sec
SUMMARY:

No domage to structure except for emergency hatch.
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OPERATION:  Plumbbob
PROJECT: 30.7
STRUCTURE IDENTIFICATION:  30.7 CAb

CROSS REFERENCE INDEX:
BURIED CONCRETE — Reinforced Concrete Cylindrical Section
Personnel Shelter { German Type )

REPORT REFERENCES:
WT-1454
Civil Effects Test Group Report
Available through Office of Technical Services
Department of Commerce
Washington 25, D.C.
LOCATION: Yucca Flot
Nevada Test Site

CBJECTIVES:
Neot available; however, it is presumed to be the evaluation of personnel! structures
subjected to overpressures from atomic weapans.

STRUCTURAL DESCRIPTION:

German personnel shelter Type A.  Cylindrical poured-in-ploce reinforced concrete
shelter.

STRUCTURAL DETAILS:
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SOIL CHARACTERISTICS:

No soil dota stated; however, backfill was typical of Yucca Flat of the Nevada Test
Site. The alluvium in Yucca Flat varies in character fram clayey and silt~sized
particles, tc cobbles ond boulders. The composition of this material is chiefly lime-
stone and veleanic tuff with small amounts of other volconics, quartzite, conglomer-
ate and sandstone.  The alluvium is poorly consolidoted except where the particles
are cemented by caliche or where beds of caliche exist. Density of the alluvium

Crm it aa o

varies from 1.3 10 1.8 kilograms per liter; that is, 88 to 112 pounds per cubic foct.

PREVIQOUS TESTING:
None in the United States.

SHOT:
Name: "Smoky"
Type: Tower
Yield: 43.8KT
Height of Burst: 700 feet
Date: 3t August 1957
Range: 1000 feet
LOADING:
Peak Overpressure: 115 psi
Positive Phase Duration: 0.26 sec
SUMMARY:

No damage to structure except for emergency hatch.
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QPERATION:  Plumbbob
PROJECT: 30.7
STRUCTURE IDENTIFICATION: 30.7 RCa

CROSS REFERENCE [INDEX:
BURIED CONMCRETE — Reinforced Concrete Box Section Personne
Shelter { German Type }

REPORT REFEREMCES.
WT-1454
Civil Effects Test Group Report
Availgble through Office of Technical Services
Department of Commerce
Washington 25, D.C.

LOCATION: Yucca Flat
Nevada Test Site
CBJECTIVES:
Not ovailable; however, it is presumed to be the evaluation of personne} structures
subjected to overpressures from atomic weapons.

STRUCTURAL DESCRIPTION:
German personnz| shelter Type C.  Buried reinforced concrete retangular structure
with walls, floor, and roef 1'-0" thick.

STRUCTURAL DETAILS:

SECTION
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SO CHARACTERISTICS:

Mo soif data stated; however, backfill was typical of Yucca Flat ot the Nevadg Test
Site.  The alluvium in Yucca Flat varies in character from clayey ond silt-sized
particles, to cobbles and houlders. The composition of this materig) is chiefly lime~
store and volcanic tuff with smallamoints of other voicanics, quartzite, conglomer-
ate and sandstone . The alluvium is poorly consolidated except where the particles
are cemented by caliche or where beds of caliche exist.  Density of the alluvium
varies from 1.3 10 1.8 kilograms per liter; that is: 88 to Y12 pounds per cubic fout.
PREVIOUS TESTING:

None in the United States .

SHOT:
Nome: "Smoky™"
Type: Tower
Yietd: 43.8 KT
Height of Burst: 700 faet
Date: 31 August 1957
Range: 1770 feet
LCADINC:
Peak Overpressure: 27 psi
Positive Phose Duration: 0.48 sec
SUMMARY .

Minor crocks { 1/32 inch or less ) throughout the structure .
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OPERATION:  Plumbbob
PROJECT: 34.3
STRUCTURE IDENTIFICATION:  234.3-01 and 34,3-02

CROSS REFERENCE INDEX:
BURIED STEEL — Corrugated Steel Pipe Sections

REPORT REFERENCES:
WT=1474
Civil Effects Test Group Report
Available through Office of Technical Services
Department of Commerce
Washington 25, D.C.

LOCATION:  Yucee Flat
Neveody Test Site

OBJECTIVES:

To determine the resistance of buried structural-plate pipe to high overpressures.

STRUCTURAL DESCRIPTION:

Structural-plate pipe of curved, sectional, 10 gage corrugated metal plates hoving
longitudine! and circumferential bolted seams . Corrugations are nominally 2 inches
deep and spaced & inches apart. The Pipe sections used were 20 feet long and 7 feet
in diameter .

STRUCTURAL DETAILS: {See Page 172)

SOIL CHARACTERISTICS:

The backfill matericl was sandy gravel with a maximum density of 122 pef and o mois-
ture content of 10.5 percent. The average compaction sttained was obout 93 percent
of maximum. Direct shear tests indicated an internal coetficient of friction of 1.42
in one case and 0.875 in another.

PREVIOUS TESTING:
Somewhat similar structures were tested in Operation Plumbbeb, Project 3.2 ( WT-1421 ).
(See text poge 121)
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STRUCTURAL DETAILS:
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SHOT:
Name: "Smoky"
Type: Tower
Yield: 44 KT
Height of Burst: 700 feet
Date: 31 August 1957

TEST LAYOUT:
Qne structure was located 825 feat from ground zero and the other, 900 feet from
ground zera with the axis of the pipe perpendiculer to o ray from ground zers.

LOADING:

( Overpressure at earth surface )
34,.3-01: 245 psi
34.3-02: 140 psi

SUMMARY

Maximum transient changes in vertical and horlzontal diameters measured by the self-
recarding gages were about 7/8 inch ond 3/8 inch, respectively . Maximum residual
changes in the same diameters were 3/4 inch and 1/4 inch, respectively . Discrepancies
were found between measurements of residuol changes recorded by the goges and those
obtained visually before and after the event.
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OTHER REMARKS:
These structures were similar to these evaluated as part of Operation Plumbbob, Project
3.2, The soil conditions for each project were quite different. The deflections

experienced in Project 34,3 were considerably smaller than might be toleivied unde

nee !’!.“..".f.‘-‘v an rnner !

-~ Eah

: it of zurvival has not yet been estehlished for
structures of this type.

SUBSEQUENT TESTING: None
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OPERATION:  Plumbheb
PROJECT: Test Support Station
STRUCTURE iDENTITICATION:  Station T 3B

CRQOSS REFERENCE INDEX:

TEST SUPPORT STATION — Massive Reinforced Concrete Semi-
Buried Shelter.

REPORT REFEREMNCES:
ITR~1453

Defense Atomic Support Agency
Washington 25, D.C.

LOCATION. Frenchman's Flat
Nevada Test Site

OBJECTIVES:  ( Non-experimental structure )

Structure used for test support purposes, thus only visual pest shot inspections were
made

STRUCTURAL DESCRIPTION:
Reinforced concrete test facility shelter.  Top surface was flush wiin the grade and

covered with five feet of earth.

STRUCTURAL DETAILS: ( See Page 175 )

SOIL CHARACTERISTICS:

No soil data given; but soil at Frenchman's Flat consists of silt with a trace of clay,

and hos a maximum dry density of 96 to 108 pef.

PREVIOUS TESTING: None
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STRUCTURAL DETAILS:
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SECTION A-A

SHOT:
Name: "Fizeau"
Type: Tower
Yield: 1T KT
Height of Burst: 500 feer
Date; 14 Sept 1957
Range: zero

LOADING:

Peak Ovarpressure: 315 psi
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SUMMARY':
Transient displacement of 6.5 inches downward ond permanent displecements of 1.5
inches downward were noted. No other damage was noted.

OTHER REMARKS:
Measurements of eorth pressure and deflection were not made for this test station;
hence, loading and response data was collected only for general information purposes.

176




OPERATION:  Plumbboh
PROJECT: Test Support Station
STRUCTURE IDENTIFICATION:  Station 7-300

CROSS REFERENCE INDEX:
TEST SUPPORT STATION ~— Massive Yeinforced Concrete Semi-
Buried Shelter

REPORT REFEREMNCES:
ITR-1455
Defense Atomic Support Agercy
Washington 25, D.C.

LOCATION: Yuccao Flat
Nevada Test Site

OBJECTIVES: { Non~experimentol structurs )

Structure used for test suppart purposes, thus only visual past shot inspections were
made .

STRUCTURAL DESCRIPTION:

Massive reinforced concrete test facility lecated below grade covered with mounded
earth.

STRUCTURAL DETAILS:  { See Page 178)

SOIL CHARACTERISTICS:

No soil dota stated; however, backfill wos typical of Yucca Flat at the Nevada Test
Site. The alluvium in Yucca Flat varies in charocter from clayey and silt-sized
particles, to cobbles and boulders. The compesition of this material is chiefly lime-
stone and volcanic tuff with small amounts of other volcenics, quartzite, conglomer-
ote and sandstane . The alluvium is poerly consolidated except where the particles
are cemented by caliche or where beds of calizhe exist. Density of the alluvium
varies from 1.3 to 1.8 kilograns per liter; that is, 28 to 112 pounds per cubic foot.
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STRUCTURAL DETAILS:

SUMMARY :
No damage experienced by the loadings above .
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PREVIOUS TESTING: None
SHOT:
Nome: "Stokes" "Dopples "LaPlace"
Type: Ballocn Ballson Balloon
Yield: i9KT 10.5 KT 1.22 KT
Height of Burst: 1,500 feet 1,500 feet 730 feet
Date: 7 Aug 1957 23 Aug 1957 8 Sept 1957
Range: 60 feet &0 feet 60 feet
Peak
Overpressure: 45 psi 25 psi 25 psi
Name: "Newton" "Franklin'"
Type: Baltron Balloon
Yield: 12.0KT 4.7KT
Height of Burst: 1,500 feet 750 feet
Date: 16 Sept 1957 30 Aug 1957
Range: 40 feet 40 feet
Peak
Overpressure: 30 psi 65 psi




OTHER REMARKS:
Measurements of earth pressure and deflection were not made for this test station;
hence, loading and respanse dota was collected only for general information purposes .
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OPERATION:  Plumbbeb
PROJECT: Test Support Station
STRUCTURE IDENTIFICATION:  Station 9-22-6001

CROSS REFERENCE INDEX:
TEST SUPPORT STATION — Massive Reinforced Concrete Semi-
Buried Shelter

REPORT REFEREMNCES:
1TR-1455
Defense Atomic Support Agency
Woashington 25, D.C,

LOCATION: Yucca Flat
Nevada Test Site

OBJECTIVES:  { Non-experimental structure )
Structure used for test support purposes, thus only visual posr shot inspections were
made .

STRUCTURAL DESCRIPTION:
Massive reinforced concrete test facility located below grade, covered with moundea
eorth.

STRUCTURAL DETAILS: (See Page 181)

SOIL CHARACTERISTICS:

Mo soil data stated; however, backfill was typical of Yucca Flat ot the Nevada Test
Site. The glluvium in Yucca Flat varies in choracter from clayey and silt-sized
particles, to cobbles and boulders.  The composition of this mgterial is chiefly lime-
stone and volcenic tuff with small amounts of other volcanics, quartzite, conglomer-
ate ond sandstonz . The alluvium is poerly consolidated except where the porticles
are cemented by caliche or where beds of caliche exist. Density of the alluvium
varies from 1.3 to 1.8 kilograms per liter; that is, 28 to 112 pounds per cubic foot.
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STRUCTURAL DETAILS:
106-9"

23-9" 680" 18-0"

|__i8-8" 50 -6

(7Y
§o

SECTION A-A

PREVIOUS TESTING: Nene

SHOT:
Name: "Lassen" "Wilson" "Hood"
Type: Balloon Balloon Balloon
Yield: 0.47 K1 10.3KT 74.3 KT
Height of Burst: 500 feet 500 feet 1,500 feet
Date: 5 June 1957 18 June 1957 5 july 1957
Range: 25 feet 25 feet 25 feet
Peack

Overpressure: 35 psi 270 psi 60 psi
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SHOT: (con't)

Name: "Qwens" "Wheeler® "Charleston™  "Morgan"
Type: Balloon Balloon Batloon Balloen
Yield: S.7KT g.19KT N.5kT 2.0KT
Height of Burst: 500 feet 500 feet 1,500 feet 500 feet
Date: 25 July 1957 & Sept 1957 28 Sept 1957 7 Oct 1957
Range: 25 feet 25 feet 25 fest 25 feet
Peak
Qverpressure: 140 psi 20 psi 25 psi 250 psi
SUMMARY:

There was no damage from shots "Lassen™, "Wilson", and "Hood". Spalling wes evident
after shat "Owens". Severe cracking occurred from shot "Morgan®. Upon completion
of the series of tests, the roof was cracked and spalled, thereby expasing reinforcing
steel .

OTHER REMARKS:
Measurements of earth pressure and deflection were not made for this test station;
hence, loading and response data was collected only for general information purpeses.




OPERATION:  Hardtack
PROJECT: 1.9
STRUCTURE IDENTIFICATION: 1.9

CROSS REFERENCE INDEX:
LOADING-RESPONSE EXPERIMENTAL SYSTEMS — Buried Response
Cyiinders { Drums with Flexible Diaphragms )

REPORT REFERENCES:
WT-1614
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Gene ( Teiteiribucchi ) ond Yvonne ( Runit )
Eniwetok Proving Grounds

OBJECTIVES:

To study some of the factors affecting the transmission of air-blast-induced pressure
through soil and the loading produced on buried structures. Pressures studied were in
the range of approximately 250 psi.

Facters that were studied:

(1) Attenuation of pressure transmitted through unsaturated silt contgining o trace of
clay.

(2)  The effect of surface peak overpressure on the pressure transmitted through such
asoil,

(3) The effect of structure Flexibility on the loading of structures buried in such g
soil.

{4) The relationship between horizontal and vertical pressures on structures buried in
such a soil .

STRUCTURAL DESCRIPTION:

The simulated structures consisred of 43 devices, each of which was g rigid cylinder
having one rigid end and one deformable diaphrogm end. Different thicknesses of
diaphragm were used, and the devices were byrjed at depihs ranging from 0 to 20 feet.
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STRUCTURAL DETAILS:
STIFFENER

113
16 HOLES |35 Diam.

/-cu\mpme RING 24"0.D. x 1" x 18" LD,

/ ALUMINJM DIAPHRAGM (24" gigm.)
see TEST LAYOUT for thicknsas I

p |
e dee vaevasy s TYTTTTXTTTET v NEOPREME GASKET
V4

r——16 - 1" HIGH STRENGTH BOLTS

FLANGE PLATES 234 0.0.x 1"« 18" 1.D.
WELbED{] SPEGIAL MACHINING ONE FACE

Ly DRUM WALL ROLLED FROM 24" ¢ § P,
g TO 1Nz LD. CYLINDER AND BUTT WELDED

a n
STIFFENERS - 24 « 34 22" pi

J 5 % 23" Dlam. STEEL PLATE
CONTINUOUS WELD

SECTION A-A

SOIL CHARACTERISTICS:
Sand with the water table from 3.5t 4.5 feet below the ground surface.

PREVIOUS TESTING:

Similar cylinders with a deformable digphragm were tested in Operation Plumbbeb
Project 1.7 ( WT-1406 ). (See text page 109)

’

SHOT:
Name: "Koa" "Cactus"
Type: Surface Surface
Yield: 1.3 MT 18 KT
Height of Burst:  zero zero
Date: 12 May 1958 5 May 1958
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LOADING:
{ Overpressures ot ground surface )

Shot "Koa™:
Precursor: None
Main Pulse:  Rise Time — essentially zero

Peck Overpressure — 240 psi

Shat "Cuciua":
Precursoi: None
Main Pulse: Rise Time — essentially zero
Peak Qverpressure — 304 psi

SUMMARY:
On the basis of a very limited omount of data and in view of the apparent presence of
a lorge water-transmitted pressure pulse, the following conciusions can be mada:

(1} For asoil deposit consisting of logse beach sand, such os that found at Eniwetok
Proving Grounds, there is consideroble ottenuation of an oir-induced, ground-trans-
mitted pressure. This is true not only above the water toble, but alsc for ot lenst a few
feet below i¥. The presence of the horizontal water-transmitted pressure obscured this
effect of depths greater thon that. The amount of this attenuation in the soil deposit

is approximately the some as was found in the ton silt deposit ot the Nevada Test Site,
which was about 20 percenl in the first 5 feet of depth.

{2) The difference between the positive-phote duration of @ kiloton detonation and
that of o megaton detonation uppears to have no opprecisble effect on the attenuation
with depth of an air~induced pressure in a locse beach sand deposit, such as that found
at Eniwetok Proving Grounds.

{3) Where the oir-induced pressure predominates, the horizonta! pressure is much less
than the vertical, At the Eniwetok Proving Grounds, the ratic of these pressures was
about 0,50 at all depths from the surface down to o few feat below the water table.
Approximately the same value was found at the Nevada Test Site during Operation
Plumbbob .

Whare the horizontal water shock was predominant, the stress state in the soil was
approximately hydrostatic, which was to be expected because undrained soturated
soil behaves much like a liquid.  No conclusions can be drawn regarding the stress
state in a saturated soil deposit subjected fo siricHy air-induced pressure, because the
herizeatal water-tronsmitted pressure exceeded the air-induced pressure at depths
where o hydrostatic pressure would be expected to exist under air-induced pressure
loading .

(4) The Hexibiiity of the diophragms has a considerable effect on the pressures acting
on them, whether they ore located obove or below the water fable. When the overali
comprassibility of the drum is much greoter than that of the scil it replaces, the pressure
on the diaphrogm is materially less than thot in the soil surrounding the drum . This




difference can be more than 50 percent, and is almost completely developed in a depth
of burial equal to the span of the drum.

{5) The results of the Hordtock test sgrze with the theory developed in fhe Flumbbob
Project. However, this theory includes a number of simplifying assumptions and some
fairly crude approximations.  Further study is required to refine the analysis.

SUBSEQUENT TESTING: None
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OPERATION:  Hardtack
PROJECT: 3.2
STRUCTURE IDENTIFICATION:  3.20, 3.2b, 3.2¢, 3.2d

CROSS REFERENCE [INDEX:
EARTH-COVERED AND SEMI-BURIED STEEL — Semi-Buried
Corrugated Steel Arch Shell Structures

REPORT REFERENCES:
WT-1626 *
Defense Atomic Support Agency
Washington 25, D.C,

LOCATION: Helen, frene ( Bogairikk |. ), and Yvonne { Runit }
Eniwetok Proving Grounds

OBJECTIVES:
To determine failure criteria of underground corrugated steel arches under long-duration,
high-pressure loads. |

STRUCTURAL DESCRIPTION:
Four corrugated steel, flexible, arch shell structures { 3.2a, 3.2b, 3.2¢, ond 3.2d)
with 5 foet of aarth cover.

Structure 3.2d {1 goge ) had 0 span of 38 feet and a length of 40 feet. The other
three structures ( 10 gage ) had spans of 25 feet and lengths of 48 feet .

STRUCTURAL DETAILS: (See Pages 190and 191)

SOIL CHARACTERISTICS:

Coral sand — fine to coarse sand with some fine gravel.

PREVIOUS TESTING:

Similor structures were fested in Operation Upshet-Knothole, Project 3.15; Cperation
Teapot, Project 3.6; and Operation Plumbbob, Project 3.3. (See text pages 70, 95
and 127, respectively.)
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STRUCTURAL DETAILS:
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SHOT:
Structure 3.20 was tested in Shot "Cactus”. The others were tested in Shot "Kog".

Name: "Cactug" " oo
Type: Surface Surface
Yield: 18 KT 1.3 MT
Height of Burst:  zero zero
Date: 5 May 1958 12 May 1958
TEST LAYOQUT: )
§ § -
3 g ]
w w W
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% -é— 61
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LOADING:

3.20 3.2 3.2 3.2d
Peck Qverpressure: 90 psi 78 psi 180 psi 100 psi
Duration: 0.40 sec 1.4 sec 1.2 sec 1.52 sec

SUMMARY :

Structurg 3.2a collopsed on the side away from ground zere.  The collopse apparently
began with bearing failure of the shell plates at a bolted horizontsl seam, approximately
5 feet cbove floor level on the collapsed side.

Structure 3.2b collapsed completely and filled with sand. The collapse eppeared to
be symmetrical about the crown.

Structure 3.2¢ collopsed completely, with the crown touching the floor of the structure.

Structure 3.2d collapsed completely ard filled with sand. The collapse appeared to be
symmetrical about the crown.

OTHER REMARKS:

The results of this experiment indicate that it is necessary to consider the response of o
flexible structure basically os a soifs=structural problem rather than o structural resistonce
problem. The reloted experiments in Nevada { Operation Plumbbob, Project 3.3 ) had
different soil charocteristics; therefoere, they are very difficult to correlate.  Consider-
cble study is recommended to reach an understanding of flaxible structure—soils inter-
cction problems.

SUBSEQUENT TESTING: None
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OPERATION:  Hardtack
PROJECT: Test Support Station
STRUCTURE IDENTIFICATION:  Station 1311

CROSS REFERENCE INDEX:
TEST SUPPORT STATIONS ~ Reinforced Concrete Earth Covered
She ltar

REPORT REFERENCES:
WT=-163!
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Irene { Begairikk [. } .
Eniwetok Proving Grounds

OBJECTIVES: ( MNon-experimental strycture)

Structure used for test support purposes, thus only visual past shot inspections were
made .

STRUCTURAL DESCRIPTION:
Semi-Buried reinforced concrete shelter with 5 feet of earth cover.

STRUCTURAL DETAILS: (See Page 195)

SOIL CHARACTERISTICS:

Coral sond — fine to coarse sand with some fine gravel.

PREVIOUS TESTING: None

SHOT;
Name: "Kog" “Yeflowwood" "Tobacco" "Walnut"
Type: Surface Barge Barge Barge
Yield: 1.38 MT 340 KT 11.7 KT 1.45 MT
Height of Bursr:  zero zeio zero zero
Date: 12 May 1958 26 May 1958 30 May 1958 14 june 1958
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SHOT: (con't}

Name: "Elder" "Dogwood" "Qlive” "Pine "

Type: Barge Barge Barge Barge

Yield: 240 KT 37 KT 202 KT 2.1 MT
Height of Burst:  zero zero zero zer0

Date: 27 June 1958 5 July 1958 22 July 1958 24 July 1958

STRUCTURAL DETAILS:
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SECTION A-A
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LOADING:

shot

IIlel
“Yellowwood"
"Tebaceo”
"Walnut"
“Elder"
"Dogwood"
"Olive"

"Pine"

SUMMARY
The station was structurally damaged mainly from the effects of shots "Koa" and "Walnut".
Shot "Koa" nearly filled the entrance with sand ond the plain-concrete floor was badiy
The other shots caused no additional domuge .

cracked from both shots.

OTHER REMARKS:
Measurements of eorth pressure ond deftection were not made for this test station;
hence, loading ond response dota was ¢ollected only for general information purposes.

SUBSEQUENT TESTING:
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range

{ Fans \
A Sy

5,250
6,480
6,120
6,480
6,120
6,120
6,120
7,670

None

peak

overpreisure
f.:
{psi}

duration

{sec)

1.85
1.55
G.89
1.98
1.80
1.55
1.38
2.3

floor slab
ccceleration
(g}

.0
4
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0
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OPERATION:  Hordtack
PROJECT: Test Support Station
STRUCTURE IDENTIFICATION:  Station 1314

CROS5 REFERENCE INDEX:

TEST SUPPORT STATIONS — Massive Reinforced Concrete Semi-~

Buried Shelter

This is the same structure identified as Ivy 200; consequently, complete description
and other data is included under Operation lvy, Project 200. (See text page 44)
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OPERATION:  Hardtack
PROJECT: Test Support Station
STRUCTURE IDENTIFICATION:  Starion 1525

CROSS REFERENCE INDEX:
TEST SUPPORT STATIONS — Massive Reinforced Concreve Earth-
Covered Shelter

REPORT REFEREMNCES:
WT-1631
Defense Atomic Support Agency
Washington 25, D.C,

LOCATION: frene { Bogairikk 1. )
Eniwetok Proving Grounds

OBJECTIVES:  { Non-experimental structure)
Structure used for test support purpases, thus only visual past shot inspections were
riade ,

STRUCTURAL DESCRIPTION:
Semi-buried massive reinforced concrete shelter with 5 feet of earth cover.  One side
with retaining wall was exposed.

STRUCTURAL DETAILS: (See Page 199 )

SOIL CHARACTERISTICS:

Coral sand — fine to coarse sand with some fine gravel,

PREVIOUS TESTING: None
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SHOT:
Name:
Type:
Yield:
Date:

Name:

Type:
Yield:

Date:

Hsight of Burst:

Height of Burst:

STRUCTURAL DETAILS:

£k
A+

SECTION A-A

‘e

"Koa™ "Yellowwood" "Tobaceo” "Walnut"
Surface Barge Barge Barge
1.38 MT 340 KT 1.7 KT 1.45 MT
zeio zzro zero zero

12 May 1958 26 May 1958

“Elder” “"Dogwood™
Barge Barge
940 KT 397 KT
Iero zero

27 June 1958 5 July 1958

30 May 1958 14 June 1958

"ilive™ "Pine"
Barge Barge
202 KT 2.1 M7
zero zergo

22 July 1958 26 July 1958
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LOADING:

peak floor slob
shot range overpressure duration acceleration

{ feet ) {psi) {sec) {g]
"Kog" 5,300 42 1.85 6.9
"Yellowwood" &,700 11 1.57 0.4
"Tobacco” §,340 1.8 a.91 0
"Walnut" 6,700 27 2,00 3.2
*Elder" 6,340 22 1.82 2.0
"Dogwood" 6,340 14 1.57 0.6
“Olive" 6,340 9 1.40 0.2
“Pine" 7,890 26 2.32 3.2

SUMARY:

The only damage incident to the structure occurred during shots "Koa" and "Walnut™.
The retaining wall integral with the front wall was severely damoged by the face-cn
air blast from shot "Koa)' and one end of it was later destroyed by shot "Walrut".

OTHER REMARKS:
Measurements of earth pressure and deflection were not made for this tesi station;
hence, loading and response data was collected only for generai information purposes.

SUBSEQUENT TESTING: None
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QOPERATION:  Hordrack
PROJECT: Test Support Station
STRUCTURE [DENTIFICATION: Station 1526

CROSS REFERENCE IMDEX:
TEST SUPPORT STATIONS ~ Massive Reinforced Concrete Earth-
Covered Shelter

REPORT REFERENCES:
WT-1631
Defense Atomic Support Agency
Washington 25, D.C.

LOCATION: Irene ( Bogairikk 1. )
Eniwetok Proving Grounds

OBJECTIVES: ( Non=-experimental structure )

Structure used for test support purposes, thus only visual post snot inspections were
made .

STRUCTURAL DESCRIPTION:
Semi-buried massive reinforced concrete shelter with 5 feet of earth cover.

STRUCTURAL DETAILS:  ( See Page 202 )

SOIL CHARACTERISTICS:
Coral sand — fine to coarse sand with some fine gravel.

PREVIOUS TESTING: None

SHOT:
Name: "Koa" "“Yellowwood”" "Tabacco" "Walnut"
Type: Surface Barge Barge Barge
Yield: 1.38MT 340 KT 11.7 KT 1.45 MT
Height of Burst:  zero zero zero zero
Daote: 12 May 1958 26 May 1958 30 May 1958 14 June 1938
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SHOT: {con't)

Name: "Elder" "Dogwood "Olive"” "Pine"

Type: 3arge Barge Barge Barge

Yield: 40 KT 397 KT M2 KT 2.1 MT
Height of Burst:  zero zero zero zero

Date: 27 june 1958 5 July 1958 22 July 1958 26 July 1958

STRUCTURAL DETAILS:

210"
o', 280" id'; 16-6"
| 1 .
ﬁ‘ — " Eor A - u‘ l.-"';_‘:v-'l Il_ol. ‘9
b “ ¥
}::;.; ;
I tc T‘I
o! :
- N
4 i E
E { X
; 1 :
| s e
e 2 B s
; 38-0"
| [
PLAN
LOADING:
peak
shot range overpressure duration
{feet ) (psi) {sec}
"Koa™ 5,380 42 1.85
"Yellowwood" 6,510 1.5 1.55
"Tobaccp" &, 140 1.9 0.89
"Wa nut" 6,510 28 1.98
"Elder” 6,140 23 1.80
"Dogwood" 6,140 13 1.55
"Olive" 6,140 9.5 1.38
"Pine” 7,720 28 2.30
SUMMARY :

The station received no damage from any of the tests.

OTHER REMARKS:

82

tloor slab
acceleration

(g}

.7
.4

oo

0

WO OoONW
W N WO

Measurements of earth pressure and deflection were not made for this test station;

hence, loading ond response data wos collected only for general information pruposes.

SUBSEQUENT TESTING: None
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PART 2 !

Discussion and Correlation of Tests

Part 2 contains a series of charts designed fo show quickly and graphicolly the
relation between similar tests, und are so arranged that positive trends in
structiral response become opparent. A general discussion and recommendotions
ore presented.

203




CORRELATION OF TEST RESULTS

The following materiol will concern itself with correlating the information obtained
from the weapons tests, and comparing the dynamic response of the structures in-
voived. The couelotion will be presented in two parts: (1) by charts showing the
pertinent test data and significant results, and (2) by a gereral discussion of struc-
tural response chargcteristics.

Unfortunately, the discustion will be limited. Due in part to the expluiciory nature
of many of the tests, the restricted scope of the project goals, ond the erratic

nature of explosion phenomena ond resulting data, much of the information does not
permit correlotion. As a result, only general conclusions can be drawn. [t is hoped
that future investigations will aflow specific, detoiled comments.

The charts, which follow, are designed to show the reader quickly and grephically
the relation between similar tests, and data are 50 arranged that positive trends in
structural response become opparent. As it is impossible to record all available

dato on these charts, the reader is referred by page number to the more complete test
description in Part 1 of this report, and if then necessary, to the original work.

LIST OF CHARTS

The following is o list of the charts Tn order of presentation:

1. Buriad Corrugated=Steel, Cattlepass Pipe Sections, Shown as o Function of
Depth of Burial.

2. Buried, Circular. Corrugated Steel Pipe Sections, Shown at o Function of
Decreasing Overpress, re.,

3. Circular, Reinforced Precast and Monolithic Concrete Pipe Sections Shown
as @ Function of Overpressure.

4. Steel and Concrete Pipe Sections ot Constant Depth of Burial, Shown as
a Function of Overpressure.

5. Eorth-covered, Flexible, Corrugoted Stee! Arch Shefters.

6. Buried, Semi-Buried and Flexible Corrugated Steel Arch Shelters.

7. Comparison of Earth-covered Steel to Buried Steel Arch Shelters.

8. Buried Reinforced Concrete Arch Shelters

9. Buried, Reinforced Concrete Rectangular Sheliers in Operation Plumbbob .

10.  Other Buried Reinforced Concrete Shelters of Rectangular Construction
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DEFINITIONS

In recding the charte, the following symbols ore used and here defined:

* indicates a volue estimated by the writers of this report.

— is used to indicate that the value or situation is the same as the cne
shown to the left of the arrow.

Eorth-covered Structures: Structures founded at the original ground surface j
ond covered with earth to provide a layer which closely opproximates !
the shape of the structure itself. Such structures ore drag loaded as well !

|

as loaded by overpressure.

Semiburied Structures: Structures covered with earth such that the horizontal
top surface of the berm extends pa:t the sides of the structure fo a distance
equal to or greater than the height of the structure plus the crown cover.
The crown cover is seldom greater than the half height of the structure.
Drag loeding is essentially eliminated, but little attenuation of over-
pressure is experienced.

Buried Structures:  Stiuctures buried at a depth such that arch action of the
w11 1s expected. Arch action has not been experienced for depths of

burial less than the least horizontal dimension of the structure.

Peo is defined as the static peak overpressure in the shock front.

q is defined us the peak value of wind pressure in the shock front. This value
is omitted in many of the charts as it was not specified in the original
reference.

HOB is the abbreviatien used for Height of Burst.
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CORRELATION CHART

Category Buried Corrugated-Steel, Cattlepass Pipe Sections, Shown as o Function of Degth of |
Structure
d = 7'-6"
h = 7'-8" -
QOp-=rotion .
StructureZref | R Plumbb}ou ]
(tructuresrel. paga) | (3 o5 7 oo 121) (3.2m / =— ) (.20 / =— ) | B2/
)
Detonation I
. /700 e -— !
(Yield / HOB) 35.6KT
| o fro
104% |
pso_/q in psi 126 psi / 60 psi / 149 psi / 126 osi /‘
1
Fasitive Phase 0.206 . 0.261 sec, 0.232 sec.
sec 0.206 se¢
Structyral . .
Resoomse Symmetrical compression -
P and flexural modes. :
Mcd2
Significant .Flat bottom deflected .Minor circum®erential .Minor circumferentiel | .Chang- i
Structural inward slightly. shortening. shortening. height le
Doamag: and .Slight circumferenticl | .No other visual damage | .Change in internal balf of o
Additicnal Commants shovtening due to to buried sections. height was 1%, of the ori
mechanical takeup in .No other visyal dam- heignt,
bolted seams. Mo age to buried
.other visuol damage sections.
to buried sections.
\
.More apparent damage .All cattlepass sections -

tnan to Plumbbob 3.20
although suhiertzd i
lower pressure.

Depth of burial isa
significant factor,

vuriea more than 5'
behaved essentialiy
the same. Note that
the span of these
structureas is 5'-10".




poss Pipe Sectians, Shown as a Function of Depth of Burial.

buried more than 5°'
hehaved essentialtly
the same. Note that
the span of these
structures is 5'-10".

(,.—-——""\

|
o)

| N

d = 7-&" g
e ko 7'-8" —~— —_— —— :f 7?_;9
- ) (20 / =—— ) 3.2¢ /e 3.2/ w——— ) (3.2k / e ) 3.2/ — )
- -— —-— e -— B
270
1042° 1150 1360' 104
149 psi / 126 psi / 150 psi / 60 psi 126 psi
. 0.232 sec. )
U. 206 sec. 0,333 sec, 3,361 sec. 0.206 sec.
— e -— —_— B D
reumferential .Miner circumfercatial | .Chang: in internal .Chonge in internal
. . - - - .
ng. shortening, height less than neight appros.
r visyal damage | . Chonge in internal half of on= per cent 3/4 of ane per cent
d sections. height was 1%. of the criginal of the ariginal
.No other visual dain~ height. height,
age to buried
sections.
.All cattlepass sections - -— -~ -
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CORRELATION CHARI

Category hoewn g @ Function of Decreosing
Structure

= 774" -
Operation Plumbbob —-———— ' e— -~
(Structure/ref. page) (34.3-01 / pp 17D (34,3-02 / pp 171) (3.2¢ / pp 120 (3.2h 7
Detonation :
{Yield / HOB) 44 KT / 700 na— 36.6 KT / 700 —-—
Distance from 825" 200° 1040° 1159
ground zero
Pso/q in psi 245 / 140 / 126 / 00 #
Positive Phase 0.154 sec. 0.160 sec. 0.206 ‘ec. 0.333 se;
Stryctural Unsymmetrical Symmetrical com= -
Response flexure. pression and flexure
Mode (Flattening). ;

{

Significant «No sigrificant damage oceurred. . No significant daingge ‘l
Structural Structure was apparently loaded 1o o smalt per- occurred,
Damage and centage of its copucity. .Minor slippage in

Additional Communts

.Major portions of the blast lood were carried by
the soil by arching, {Notice depth of buriol
compared to span.)

.More bolts were used in each 34.3 structure
connection in an ottempt to minimize the
mechanical slippage noted in the joints of 3.2

Double rows of bolts vwere used (3,2

Ne joint slippage

structures,
structures used single rows).
in 34.3 shuctures wos noted.,

.34, 3 structures were tested at Yucca Flats under
notural soil conditions.

Residua! deformaiions were o large percentage of
the tronsient deformations altrough the latter
were smali. Progressive failyre under repeated
loads is suggested as a result.

bolted, lap splices
accurred,

. 3.2 structures were
tested at Frenchman's
F tats using speciol
(imported] backfill to
typify more standard
North American soils.

.Residual deformations
were rcugnly halt of
the t asient deforma-
tions.




Stee! Pipe Sections, Shown as ¢ Function of Decreasing Overpressure.

tea Flots under

e percentage of
h the latter
nder repeated

were roughly haolf of
the tronsient deforma-
tions.

-~ d = 7'-¢" —~—
- B —-——
02 / pp 171) (3.2d / op 121) (3.2h / pp 12))
- 36,6 KT / 700 I
1040" 1150
126 / 180 /
5EC . 0.206 sec. 0.333 sec.
Symmetrical com- .
pression and flexure
{flattening).
.Nao significent damoge
oa small per- oceurred.
-Minor slippage in
bolted, lop spiices
rere carried by occurred.
th f burial
.3.2 structures were
tested at Frenchman's
3 structure Fiats using special
hize the (imported) backfill to
pirts of 3.2 lypify more standard
were used (3.2 North Americon sails.
joint slippage
Residual deformations <
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CORRELATION CHART

Category Circclar, Reinforeed Prarate and Monolithic Concrete Pipe Sections Show- as g Fur
Structure F—‘('»G"
S __¥ o -— R Y
=== 8,
—— —LB-O
Standord concrete sewer pipes without elliptical reinforcement, Preg
Operation fumbbob ~— - — (30.
(Structure/ref. page) (3.2e / pp 21} 3.2 / - ) @214/ ——) {Fre|
Detoration ) :
(Yield / HOB) 3.6 K1/ $B 7 700" -— I a— 43.4
; |
. ]
Distance from 1040 150" 1340 200!
ground zero |
N
Peo/q i i / O 7
s0/q in psi 126 / 120 , 60 .
1604
Positive Phase 0.206 sec. 0.333 sec. 0.301 sec. D24
Structural Symmetrical Unsy
Response flattening, - - flex|
Mode flexural mode.
Significant . Internal fongitudinel .internc! longitudinal  Min
Structural cracks ot ceiling and viucks of 1,738 - Lurll
Damage and in centes of flaor. 174" widtl in ceiling and ety
Additional Comments floor crack, 1/32" floor. crad
ciocks in ceiling, to 3
Soacinl kactfil ’“ - Win|
used to typify std. ion
s0ils. Good compoc- o d
tion, hence little No
flexural deformation, Entr
.0 diem., 8 gage . - ind}
corrygated steel nipe wal
entrance section war
showed no dumage on Thig
visual inspection. hos
.Dimensional changes —_ - loo]
were less than [36. rar
.Residusl deformations - - for
were roughly haif of sipq
the transient defurma- Structure 3,21 or 60 a3
tions. respondad in olmost the

same manner ond to the

saTe degree as 3.2 ot
100 psi,




ond Morolithic Concrere Pipe Sectiors Shown as a Function of Overpressure.

vithout eliiptical reinforcement,

L
~Ioo
L
__x7-2

Precast rings

Monolithic construction

(3.2 V /) -—— )

(30.6 11-2 / pp 145)
(French Shelter)

{30.7 CAa / pp 105)
{German Shelter)

(30.7 CAb / pp 165)
(Germar Snelter)

Structure 3.21 at 60 psi
respondad in aimost the
same meanner and o the
sane degree os 3,2 at

100 psi.

pipas shown to the left,

]
———e e 43.8 KT/ 700 —~——— E—
1350° 200’ - 1000'
/ 60 7 ]
1607320 160/320 115/280
dec, 0.361 sec. 0.24 sec. -— 0.26 sec.
Unsymmetrical Symmetrical flexural
———— - flexural mode modse -~
mel tongitudingl . Minor domage to .Minor dumoge except -
ks of 132" I buried mone'ithic to 2xposed emergency
hirm ceiling and entryway, extensive exit hatch,
. cracking and spalling |, Minor, symmetrical, -
fo precast vings. longitudinal crocks in
— - .Wind and missile eros- tHoor and ceiiing.
ion to 2xposed parts .Minor, center—spon -
of eatry. crack rynning up the
.No impending co'lapse. | stair at the entryway
Entryway ciock potterns | (ject. const.)
e — indicate that the entry { . Wind ond missile —
walls were forced out- | erosion to 2xposed
ward into the seil. parts of entry,
. This site (Yucce Flats)
has characteristically R— - (—-——-—"_\
- - looser soil than French- l
man's Flats, the site
P - for the concrete sewer

.'l.._ e b b R
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CORRELATION CHART

Category Steel and Concrete Pipe Sections ot Constant Depth of Burial Shown as a Function ¢
Structure Concrete W Circular Steel Cor
Pipe X 19778 | Steel  d = 74" Cattle- d=7'-6" '
,—-'Tj'-o" Pipe h=7'-0" Pass h- 7'-8"
Ny —— 3
Operation Plumbbaob -———— ————
(Structure/ref. page) (3.2e /pp 121) 3.2/ =-— 3.2c / =—— ) (3.4
!
Detonation ‘
(Yield / HOB) 36.6 KT / S8 / 700" -~ -~
Distance from
ground zero 1040 - -~ 115
psm/q in psi 126 / -— -— 100
Positive Phase 0,206 sec. -— B — 0.3
Structural Symmetrical com=
Respanse pression and Flexyral -— -
Made Mode (flattening)
Significant .Internal longitudinal None .Change in height Intel
Structural cracks ot ceiling and in was less than half of “lon
Damage and canter of floor; 1/4" one percent. cra
Additional Comments floor crack, 1/32¢ ceil
crocks in ceiling. LNo significant Spe
.Special backfill and structural domage . " used
good compaction wos va
used, hence, little he:ql
flexural deformation. defd
.Dimensional changes ) Dim
were less than 13, 'Weri
.Restidua! deformations A
-— -~ Resi
were roughly half of the wert
transient deforimations. the
General Comments moti

Steel sections were subject to arch shortening to o degree not appreciably
greater than the concrete sections.

The concrete pipes, except ai ine 100 psi locaiions, did not exhibit appre-
ciably greater stiffness than the steel sections. At this depth of burioi, ir
would be expected that membrane action (symmetrical compression) would
be most effective in resisting load. Concrete exhibits flexural durage more

graphically than tteel ot these flexural fevels.




Constant Depth of Burial Shown as @ Function of Overpressure.

Steel

wos less thon half of
one percent,

.No signiticant
structural demage

Fening to o degree not appreciably

nsi locations, did not exhibit oppre-
ctions. At this depth of burial, it
n (symmetrical compression) would
nuaete exhibits flexural damage mare
levels.

longitudinal, 1/32"
cracks in floor and
ceiling.

.Special backfill was
used to iypify the
standard conditions,
hence, little flexural

deformation occcurred.

.Dimensional changes
were less than 19%.
.Residual defarmations
were roughly half of
the fransient defor-
mations.

were less thon 1/2%

longitudinat, 1/32"
cracks in floor und
ceiling.

.Special backfili wu.

used ro typify the
standard conditions,
hence, little flexuial
deformation occurred.

.Dimensicnal changes

were less than 1%,

.Residval deformations

were roughly half of
the trarsient defor-
mations.,

. This structure at &0 psi

responded in almost the
some manner and ta the
same degree as 3.2 af
100 psi .

g Cattle~ d= 7'-6" Concrete d = 7'-4" Circular d = 7'-6" Cattle= d=7'-6" Concrete  d = 7'-4"
e Pass he 778" h=8-0" Steel h=7'-0 pass h=7'-8 h = 8§'-0'
b -——— s [PPS— PP TS No cit
— ) (3.2¢ / -— ) 3.2/ =—— ) (3.2h / — ) (3.2 / =— ) (3.2 1/ =— :’;f’e“
13 T
[ - e - - —— -
-~ 1150" — D 1360* |
=
" - 100 / - e &0/ )
i - 0.333 sec. - - 0.361sec.
- —— -— rr— = [EPI— ——— i
-Change in height . Internal, symmetricol . None .Dimensional changes . Internal symmetcical,




Cottle= d=7'-4"

- P =g Concrete d = 7'=&" 5
h=7'-8" h=g'-0" pass h=7'-8
— ~ Mo vare tostad | lumbbob
M tm— 3.2 |/ 'pes w ¢ . !
( / ) this range. G.2 / pp121)
i -
—— 1360"
-— 60/ I —
I 0.361sec. -
‘e

onal chonges
ss than 1,/2%

. Anternal symmetrical,

longitudinal, 1/32"
cracks in floor and

r.pf“nr!
¥

.Special backfill was

used to typify the
standard conditions,
hence, little flexural
deformation octcurred.

.Dimensional changes

were less than 1%,

.Residual deformations

were roughly half of
the transient defor-
mations.

. This structure at 60 psi

responded in almost the
same manner and to the
suitE degu:& o5 32i at

100 psi.

.Dimensional changes
were less than 1/29.
-No significant strue-
tural damage .

)

e ra————T
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CORRELATION CHART

Cutegory Earth-covered, Flexible, Corrugated Steel Arch Srelters,
Structure Wind erosion Berm reworked
from previous from previous
/ test tes?
A5 u £} 0
R st B SOT Y Sl auay S
QOperation Upshot-Knothole Upshot-Knothole Teapot = Same Tes
{Structure/ref. page) (.15 / pp 70 same structure as 3. 15 structure a3 U-K 3,13 {3.
Detonnrion 26.5KT / AB/ 2425 | 14.9KT, S8 * 524° 22.0 KT /53 - 420°
{Yiels / HCB) (May 8, 1933) {May 25, 1933)
gf;;’?i;’:m 2700 223> 233" 154
Pso/q in psi 1.8 / 4 3.1 / 7 witn 130 30!
4 psi precursor ]
Positive Phase 0.70) sec. J3.427 sec.
Strucfuras Asymmetrical fle<ure Little intormation s Asymmetica! flexu. e
Response ilabie due ol
Mode GVJ||0b'L‘Ju€. ‘o loss
of deflection uge«.
Lo
Significant -Arch remained elastic |, Crown deflezted up- Trivial deflection.. o
Structural but eno walls deflected | ward (transieat and sid
Darage ond inword extensively, residual), conpletely flol
Additional Comments .Minor arck contrastion | elastic avch response. vid
cecurred due to joint lar
slipaage., . Thq
LBuilding responded ze
with one major lurch wih
and rebound followed ac
by trivial, domped od
oscillations. 5
LEnd walls were weakest Fot
part, an
. Structures of this type ur
T will probakly withstand be
| ovespressures of 30 to be
H 35 osi. s
Deficstion: o proqi- o
mated camped harmonic deq
¥ motion, shq
‘L_‘___,“J .High lecwors soil .Se
pressures suggest high e
possive pressures.




Steel Arch Sherters.

.Scil was compacted to

deepened, steel gages
should be increased.

height of 8" «nly,

e Berm reworked
¥ioies from previous
B e B ey -
steel steel Glhier
Teopot Teapot 3.6 -— - -
(3.6 / pp 95) {Model Mo. 1) {Moge! No. 2) {Mode | No. 3) {Model I
24" 22.0KT 753 7400 !
— P — [ -
2333 1500" 1400 1500" 2000 2060
|
it/ 3 30 / 170 35 / 200 30 /180 15 - 64 19 64
I
is Asymmetrical floxyie -— PO - e P — i
l()us -‘T
6. |
.Complete asymmetrical |.Collapsd .Collapsed, partially Mitistood the blost Collapswe
vp- LTriviol deflections, collopse with windward due to water inunde- loads bu* undeiwent
i side of orch touching tion from huist tank. extensive crown de~
tely floor. Dynamic press- flpctions .,
nee . ures were considerably
larger than predicted.
.The lee gages recorded . This model was designed | . This model witlstood
zero totol pressure to have stressen identi- Jyoumic deflection Analysis
whichk seems to be char= cal to those of the full of more tion 4 fimes tion (cxe
acteristic of dreg scale structure (3.6) the value at which 0.25
pressures greater than ot the sume 1ange . statically looeed -ea
50 psi . lubotata y models
.For extieme drug loads failed.
on drag sensitive struc-
tures, the F\eig'n? should Residugl deflection
he decreased, soil shoule : was 1575 of tle height.
be compucted, beim N
should be widened,
corrugation should be -Backfill on ¢ll miodels vwis not compocted. - - -




water inueda-

by st tank .

ade ] wos designed
@ shiesses identi-
ttose of the full
tucture (3.6)
soni¢ ange .

bmpacted .

leods but urdewent
extensive crown e -
Hertions.

. This model withstoad
dynamic deflections
of more than 4 times
‘e value o which
statically looded
loborcfm) fr,odc'i
failed .

Resicue! deflection
was 197h ¢f the heighl,

deflections.
Residual deHection
wrs 47 of l‘.pig!ﬂ .

PP [ S —-—— P -
sroet aluminge whurminum cluminum
e - B — - s
No. 2 {Mode! Mo 3 (Model No. 4) {Mogel No. 3 (Model No. 6)
- - e e e s - -
2000° 2000" 2500° 3CC0!
190 19 7 44 19 / 44 92 14 8 2
[ TSR - s ——— e - e —~——
sed, partiolly CMWihstood the Llgs? Collapsed Withstoad lorge CLitths sianificart

damrage

Residvol deflectiom

fess then 11 7200 of
the height.

Anolysis of ‘he models which did rot collapse indicetes that ihe deflec-

tion {cxcursion of the ciown) is moie a direct function of g thanp +

0.25qg.

/\Q‘




CORRELATICN CHART

Cotegory Buried, Semi-Buried ond Flexitle Corrugated Steel Arch Shelters.
Structure .
Sine a5 strusive —
— - 3.33 and b bat with- :
3t tne stead ribs.
&"ttasl ribg =1
Operatic a Plumkbob -——— -
(Stiveiueref. vuye) (3.30 - pu 127} {(3.32 7 13.3H -
Deronotion . -
i N : Y - .
(Yle'd HOB) 260.6 KT 53 70
Distance irom . .
aground zero 1159 1350 e
Pso/q in psi 10 36D 3 X %30
Pusitive Phase 3.3 33 s, 3.350) ge . ———
Stuctural Spnmetiival con=
Response wression and flexore I -~
Mode (Flattenn )
Significant Minoe wroaing ocoared| T flas stoh ded aot N Lignificana® A
Structuial in e Floos alats | TR PR st o al danayg. . !
Damage ond frictiona! diay fron the (
Additional Comments Juwnword moving :
foating., ¢
ottt slipog e in the aint slin s wac e y
La'tesd canae tion, thaoar b 37 o joint, ]
of th: u ¢ wos fien ¢
1 8" to 3 8" vy -
joint. i
CAverage footing dis- LAvaa e foating Jis- LT Bootinge digp'aeo
placenent wus less pla e nen® was fess Hiz so e annun® o
than 37 Gorvinwaard., thaa 11 27 downward. struzty e 2.3, y
t"'"""‘ =Y Gene.a' Corrent -
. Io Tive sotl @t the Fiumbbob site (o0 2ial impa ted bokSll) was conn
siderany Boertes tean oo sso' boatn saea gned Tor the Horgtask oty -
twies stovn 1o thesight!. o u bl tioa, the agatioa. of Eitive
we.e narkesly differests Foo trose ceaiony, ga € snesd ve aaen i
conpaing thelr strectezal re oonLe sravstieistics. q




Jexible Corrugated Steet Arch Shelters.

Sy e os strullone

followed by
flexuie

foilure with localized
sizearing failuies

foilure

- — 3.3 amdo ket witn-
out tho stea! rios,
P e Hardtack —— ——— ——

2 e} 3.3, - i (3.2a /pp 189, 3.2¢/ w— ) (3.2d /  =-~—0uo } 3.6 / =-— )

- - -—— 18XT / zero 1/3 MT 7 CSB 7 zero e a—
” - 980" 3200" 3950° 4470"
53 IR D) 50/ 180 / 100 7/ 7/
LETO —— 0.40 sec. 1.2 sec. 1.52 sec, 1.6 ¢ec.

Shearing foilure Symmehicd flexuial Symmetical flexurel
A L —— —— -

Floow slab d-d ot

teliooa e was foeas

[

RN
i Enant,

[N .'('.J'inj e~
pavc ' wos less

112

cuwnwad,

be o2t imoe tea ba
bo1h 5y

-1

RGO TIC:

wiolaed tor

N Lignifican®

shio st ab dungae,

e footing disn'aced
e

Ve grosnt an
sty sty o 3.3,

o

th

stics,

.Collopse was initiated
by failure in beariny
at balted seam approx.
5' above the tioor line
on the lee side.
was followed by com-

.Complete symmeticol
flexu al collepse with
crown moving downward
naunches outword,

This

plete flexuiral collapse .

General Comments on Operation Hordtack

4.

v

The extent of the deraae was uitedtly pio-
portionol to the duration of the positive
phase .

No eviderce ¢f diag leading was fourd.

The coral beazl: sand usea in backiilling tre
structures had deficient properties in dersity,
cohesion, shear st-eng:h, cna conpactabiiity
wlen cornpared to sofis found in normal sitva-
ticns.

The Harotock stroctures bad dirt flocrs.

b—

’

.Complete, symmetrical

flexwal collapse with
crown moving upwaid,
hounches inward.

LAich sheets of support

tore away from the
foundation by pushina
cutwind. No other evi=
deace o locslized fail-
we in holted connec-
tions wos found.

_Foilvie of the end wells

effected the strenath: of
the aich to ¢n unxnown
deqree.,

Pre-test backbiiling opero
tion ¥ C et up au

6o}

ward &7 (40

PiCgC

wnd haunches in-

i

Crown hod insuificient

cover ‘¢ provide mem-

cigre echion.

Same o5 3.2 (Com-
plefe collapse).

¥
1

e -

0
=~

\
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CORRELATION CHART

Category

Comparison of Earth-covered Steel to 3uried Steel Arch Shelters,

Structure

“PRGAS g

Opergtion
{Structure/ret. poge)

Plumbbob
{3.36 /" pp 127)

Teapot
(3.6 / pp95)

Unshot=Knothole
3.15 / pp70)

Detonation

(Yiela. HOB)

36.6 KT,/ 700

22.0KT/ 400

26.5 KT/ AR / 2425"

Distance from

ground zero 1360 1562 2700
Psasa in psi 56 7 300 30 /1 10.8 / 4
Positive Phase 0.361 sec. 0.700 sec.

Structyral
Response

Mode

Symmetrical rom-
pression and
flexure {flattening)

Asymmeh ical
flexure

Asymmetrical with one
major lurch and reboune
followed by trivial,
damped oscillations.

Significant

Structural

Domage and
Additional Conments

.No significant struc=

tura! damage.

. Joint slippage was

less than 1./8" eoch

ioint,

.Average footirg dis-

olacement was less

than 1 12" dewnwara,

Backfill was well

compacted.

.Complete asymmetrical
collapse with the wind-
~ard side of the arch
touching the floor,
Dynomic pressures were
considerably larga
than predicted.

.The backfill was weli
cameac »d.

.Arch remaincd

elastic but end walls
deflected inward
extensively,

CEnd watls were

weakest part,

. Siructures of this

type will orobably
withstan? oser-
pressures of 30 to 40
pst.

.Beflections approxi-

mated damped ~ar-
monic motion,

.High leewarc soil

pressures suggest
high passive pressures.

2:3




CORRELATION CHART

Cotegory 3uried Reinforced Concrete £ -ch Shelters.
y 4.0
Structure _,_Jma.-
e o' - -
St
20" ot
Operation Plumobkob - - |
{Structure/ref. poge) (3.ic / pp 1i8) 8.6 /' —-— ) Bla / - ) ’i
Detonation ———
(Yield / HOB) 36.6KT / 700 -
Distance from
ground zera 936 1040° 1362
Pso/g in psi 199 / 124 / 54
Positive Phase 0.205 sec. 3.361 sec.
Structural Compression and
Response ond aoprecichie —_— e
Mod= asymrmctrical Hexure,
Significant .Obvious diegomal . Instrumentation
Structural cracks ozcurred in the prozed that planz
Damage and floor slab. Cracks sections remained plons| -C
Additional Comments oicurred on the inner .Accelerations of the e
surface of the arch at flou- slab were miro- . 'Bi
tha third points, .Mino cracking ozcurred] €
.High accelerations of e but in a aattern rouzh-
the monalithic fHloo- ly simiwr io 3, 1b, c.
slab may be piycho'o-
gically ohjectionoble. G
.Shucture wos adequate - ]
as a sarsonnel sheltes 2
- at 200 psi orerpressure.
: General Comment,
1. Deflections were smoll cut directly propo-tional to the magnituds of 6.
overpressure.
2. Baockfill was fully compacted. 7
i ] 1 3. Transient earth pressures ot some points excaedzd free field averpressuies
1 ] : i E . -
L i at the giosd surface, probadly due to reflected and passive pressures in 8.
- the soil.
4. Convantiono! blost dasign prozecre gave conservative results.
| l
| l




Arch Sheiters.

direct'y oroportional to tne magnitud: of

5. As structures wete almost square in plan, the end conditions greatly
cffected arch action. Structure 3. 1n wos designed to evgluate this
effect, and indicated thut the end effects extended inward a distance of
appaximately 1 1/2 tires the radius,

6. The vertical reactions ot the springline equaled the peak overpressute ot
ground surface times half the plan arec of the arch.

7. Probable locotion of failure would be ot the springing line due te large

S - S
277 lane
327 long
—— - E
b/ a—) (3.ic - «— ) {(2.1n 7 - -3
——— — ———— oy _
-
\ 1352
/ 54 ———
’)6 sec. 3.361 sec. e
—————— . s
.Instrumentation ——
proved ticot plon:
sections rerained plang,| - Cracking was more extensive than in 3.1u with arch cracks at
CAcceleigtions of the crown 1ather thon 3id points.
floa slab were ninos .Bending is still significant, costing doubt on the validity of the
Mino cracking ozcurrea| Commen design assumption of zero bending.
e Bu* in o sattern roaugh-
ly similo: to 3, 1L, <.
General Comments {continuved)
Jencral .omments

Bd.
somie points exceod2d fiee field overpressules moments and thrusts.
ahly die to reflected ond possive pressures in 8. The residual deflections were roughly half of the tiansient deflections.
. . .
PIoTedure gQuve JoseTvaive tesu.ts. B
214
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CORRELATION CHART

Category Buried, Reinforced Concrete Rectangular Shelters in Operation Plumbbob.
T
Structure
08’ |
.
€ massive const. massive const,

Operation Plumbbob -— -

(Structure/ref. page) (30.7 RAa / pp 157) (30.6 11-1 / ppi47) (30.6 -3 /pp 151} (30,

Detonation T

(Yield / HOB) 43.8KT/ 700¢ -~ -

Distonce from .

ground zero 840 %00 -~ :

Pso/q 190 / 160 / —-— i
ﬁj

Pasitive Phase 0.11 sec. 0.24 sec. h——n

Structural

Response Flexura! -— —-—

Mode

Significant .Minor cracking in .Minor cracks in — M

Structural buried portions, major unexposed portions, i

Damage and damage to 2ntrance pe

Additionol Comments way, the entry way be

e o
= T s oty e, .

wolls being pushed
back into the fill,
.Extensive cracking
and spalling

ozcyrred at the middle

of spans ond at re-
entrant corners.

1. All exposed portions exhibited from extensive to mild wind zrosion and

missile scouring.

2. Shelters and ground exhibited similar accelerations and translotions,
with some tendancy for the entry stairways to separate from the shelter

structure,

Ca¥

. Standord hlast desian nincedures predict the structural action with
on f

reasonable accuracy, using actual strengths of moterials and as-built

construction details,




clangular Shelters in Operation Plumbboeb.

[ S

=1/ pp 147)

(30.6 t1-3 /pp 121}

(30.6 11-4 / pp 133

{30.5 11-5 / pp 155)

(30.7RAb / pp 159

I v ——— — Same os 30.7RAa -
; {first column)
e —— et
mossive const.,
i [ LS. P s -

(30.7 RAc /pp 161D

L
%—-— -—— —-— —-— -— —-—
L - -— 1000 -— -——— :
’ [P -— s/ - [ S
—
t' * - 0.26 sec.
k——— —— —— D -—— -—
cocks in Ina— .Minor cracking Very minor damage .1/32" crucks in floor .Hoir line cracks in

sed portions.

from extensive to mild wind 2rosion ond

irilar occelerations and translations,
Fy stairways to seporate from the shelter

spredict the structurol aciian with
val strengths of materiels and as-built

in buried
portions, entrance
badly doraged.

in buried portions.

minor wall and reof
cracks, major entrance-
way domage though
appreciably less than
30.7 RAa (first column),

L)

main structure, e =
tensive entrancewuy
cracks ot re-entrant
corners.




as 30.7R Ao -— - !
:olumn Y
T — ———— —— -———
Ab /pp 139 {30.7 RAc /pp 161 {30.7RAd / pp 163 (30.7 RCa / pp 169)
D B — D — - ———
— ——— 1174 170"
-—— - 82 / 27 /
i - .30 approx. .48 approx.
-——— —_——— [

crucks in floor
wall and 1ot

I major entrance -
rage though
ichly less than
e (fist column},

.Hair line viacks in

main stiucture, vx-
tensive entranceway
crocks ot re-entront
corners.

«No dnmage to

shelter, slighs
entronceway damage .

Minor cracks

well distributed.

.No significant

damage .




CORRELATION CHARI

Category Other Buried Reinforces Concrete snelters of Rectangular Construction
Structure
- D

W
Opzration Teapat
{Structure/ref . pagyu)} {34.3a-2 / pp 100) (34.3-2 / «—} (34,3a-1  =—=-— ) 3
Detonation
(Vield “HOB) 28.5 KT / A8/ 330 - 14,2 KT / AB 7537 .

-
Distancs from
ground zeiro 1059 -—— —— |
Psa/qg in psi 91.9/ — 47 / '
Pasitive haose
Structural Unknown due to lack of
Response instrumentation, and -— -
Mod > significont distortion.
Signiticonl . Nao significant structural domage, -— .4
Structura! H
Domeg.: ond . Consideranle dirt ond dzbris littered the stoir wells. -— i
Additiona’ Comments 4

Lo

.Retaining wall around entry wos dumagad,
- Vent pipes were torn off

- Maximum vertical occelerotion of floor slab (3, 7g)
was much less than predicted.

Al expused ventiha -

tion vents (pipes) w.re
bent oway from G. 7.




crete Shelters of Rectanguiar Constructien.

(3-.) [ITF I 'd.

o' tlow slab {3, /4)

vobventila-

AN e
AN

tinn venb {pipes) were
bent uway from G.Z.

crete partition.

——— - [ S
With concrets Interior
portition Parking Gargge
Plumbkeh
b2 e ) (34.3a-1  _—— ) (34.3b-1 / a—) (80.2 /pp 141
- 14,2 KT .7 AB  1220¢ - 38.6KT / AB /700"
—p— e b e e
7
- 4 -~ 42/
——————— - Attt
[+ - — .Consideiable dis- .Retaining wall at entcance romp was extensively
tortion to the door damaged, partially due to inadequote scil com-
ot e staie welly - frame in the con- paction and high reflected overpressure loading.

.No ¢ther structural damnge pceurred .

Rorp side=wall wos moderately cracked with sone
indicat’on of bond failure.

Steucture was more ther adequate to retist the
loods applied.

.The strength of no'mg! lap splices in concicte
reinf. may be much lower under high loadirg
rates than under static loads.,

.Conciete ductility would be enhonced by weld-
ing gr elimination of reinfoicement splices.
Natural soil is quite stiff. Backfill wes compacted.

216




GENERAL DISCUSSION OF STRUCTURAL RESPONSE

A summary statement can be made that the weapons tests in cach case did not dis-
prove standard assumptions used in blost design, limit desigr, and ultimate strength
theory. On the contrary, many test results were verifiable with reasonable accuracy
by employing the actual material strengthe, as-built construction conditions and
blast overpressure data available after the tests. Standord, regsonable, engineering
analyses appzar 1o be adequate within the range of accurocy of the test data. Much
refinement is necessary for complete understanding of the sirvctural action.

[. Earth-Covered, Semiburied, and Buried Steel Arch Shelters

The results of the tests emphasize the basic concern that above-ground
structures in regions of high overpressure are loaded by severe, asymmetri-
col, drag forces. Above~ground, earth-covered, steel arch shelters
collapsed completely under short duration, 30 psi overpregsure loads.

Buried construction showed only minor damage at 100 psi. < The results of
the tests indicate that the type of earth-covered, stee! arch shelters tested
will be operational up 1o an overpressure of 15 psi. The effeci of the eurih
cover was to reduce the load on the lower, windward panets of the arches,
and protect the lower, iee side panels by minimizing the horizontal oub~are
displacements. The ecrth cover hod little or no effect on reducing the down=
ward force applied to the arch crowns.

[t is worthy of note that (1) no arch shelters with well compacted backfill
were tested using megaton range detonations, as Eniwetok soils vsed did not
have the mechanica! proparties necessary fer good rampactinn and pauive
pressure development; (2) semi buried stegl arch shelters foiled completely
under high pressure, long duratien loads;” and (3) all of the structures tested
in Nevada which did not foil hed groper soil and geod compoction.  Addi-
tional tests should be canducted on steel arch structures with good soil
compaction using long duration loads, and on steel arch structures with poor

compaction using short duration loads.

The results of ihe tests indicate that flexible arch shelters when buried or
eorth=covered to eliminate drag loading, and when backfilled with well-
compacted soil of high shear strength, are loaded essentially symmetrically,
and function properly up to overpressures of at Jeast 50 psi when these over-

]Operation Teopot, Structure 3.6, puge 93
2Operc:fion Plymbbob, Structure 3.30, page 127

3Operoﬁon Hardtack, Structures 3.2, page 189
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pressures are of short duration. However, flexible orch shelters, back=~
filled or covered with loose soil of poor compactability, collapse at
overpressure levels of less than 30 psi when loaded with either long or
short duration blast forces.

Pipe sections buried af depths greater thon their span appeared to deform
predominately in the circumferentiol compression mode.

Steel Construction Compared to Concrete Construction

The results of the tests do net indicate thot reinforced concrete structures
have sppreciably better structural response ( lower accelerations, smaller
deflections, less differantial movement, etc, ) thon do steel structures
designed for the same purposes. Due to the erratic nature of the test data,
it can only be said that deflections measured on concrete structures tend
to be smaller, on the average, then do corresponding deflections on steel
structures. As expected, concrete acts in a brittle manner producing some
missile hazard, while steel octs with high ductility. Distress in concrete
structures is easily recognized by the resulting crack and spoll pottern.
Damage to steel structures does not present itself so grophically. No in-
formation is available on the pre-test and post-test conditions regording
the water tightness of the test structures. Accelerations of tested struc-
tures of both moterials were comparable to the accelerations of the soil

at the some depth of burial.

The instrumentetion of the structures allows only limited insight into the
interaction of structures with soil, the most important characteristic of
the structural response of buried construction. The questionable accuracy
of the dota, os well as the lack of complete data, does not ollow detailed
onalysis. However, a genercl, positive statement has besn made .

This concept , stated by several test program officers ond not clearly
supported by test results, suggests that steel urch :tructures, being highly
flexible ond, hence, inefficient in resisting unsymmetrical foads, respond
to such loads by yielding sufficiently to ollow significant passive pressures
to be developed in the soil, These passive pressures, cperoting in resis~
tance to the applied loteral loads, produce the soil pressure goge readings
obtained in many tests which indicate essentiolly symmetrical structural
loading. Hence, as a reciprocal, concrete structuies of greater stiffness
will not "lean into" the soil to develop passive pressures, and, as o re-
sult, are loaded more asymmetrically . Thus, steel structures gain support
from the surrounding soil by "rolling with the punch, " while concrete
structures must rely more on their own inherent strength. Backfill must

be well compacted to create significant passive pressures for small arch
side-sway . In addition, arch span should be minimum. Arch length has
no influence if greater thon three times the radius of the arch, and if




shorter, contributes to the strength of the siiucture.

Mo full scale, buried, rectangular, steel structures were tested to allow
correlation with buried, 1ectangular, concrete construction. Interesting
tests of limited scope were conducted in Project 3.8 ¢f Upshot-Knothole
(pp 63) on buried steel beams, but do not indicate the composite response
to be obtained from complete structural assemblies. Steel, rectangular
models4were built but subjected to insufficient force to obtain structural
response information.

The rectangular, reinforced concrete construction suffered only minar
domnge fo below ground portions. Minor to severe cracking and displace-
ment was experienced in the entry ways and stair wolls, predominately due
to Hlexure in a mode net normally experienced by soil-retaining components.
Walls were pushed outward into the soil os otmospheric pressures were
greoter than the soil resistance. Extensive wind erosion occurred to ex-
posed parts.

The Effects of Soil

All tests of sufficient sirength 1o produce measurable structural response
have shown that soil significantly effects the strengths of buried, semi-
buried, und earth=covered structures. In addition to increasing the effec-
tive mass of o structure, soil resitts movement and quickly domps out
resulting vibrations. Overpressure is significantly reduced in intensity
whan the backfill is luose ond can move or consolidote when the shock
wava pasies through it Well compacted bockfill of high shear strangth,
while being much less effective in reducing overpressure intensity than
loose fill, will develop the passive resistance nceded by flexible stiuc-
tures. If the depth of burial of o flexible structure is greater than its
span, the soil will arch over the structure providing additional load resis-
tonce. Mo significont structurul vesistunce wus uttributed to soil arching
in the structures of smaller burial depth to span rutio.

It is generally recommended for arched or tubular struciures that backfill
be curefully selected and compacted to asture moximum sesistance to
fHlavural distartion. In oddition, the tett results lend support to the
ossumptien thot structures buried ot depths equal to or greoter than their
span are loaded essentially symmetrically. No statements of o more
specific nature should be made on the evidence obtained from these tests,

4
Operation Buster-Jangle, Structures 3.3, pege 20
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V. The Action of Structurcl Foundations

No damage was sustained by pud footings used in the massive, concrate,
vnderground parking goroge tested in Plumbbob Pisject 30.2 {pp 141}. No

other sfruciure viilized sepuote foorings .

The structural action of continuous, poured-in-ploce foundations was most
graphicolly illustrated by the steel arched shelters of Operation Plumbbeb.
Being relatively flexible, these footings moved downward { 3" moximum }
and in some cases, outward, when not tied directly to the fioor slab. Ex-
tensive foundation ¢cracks occurred but due ta the canteined nature of the
1esulting configuration, no collupse was imminent.

The floor slcb used in the steel arch shelters was free from the foundations
ond resisted their deflections by friction only. Only minor floor slab
cracks occurred ot 100 psi overpressure loadings. On the other hand, the
massive, monolithic foundation-floor used in similar concrete arch shelters
{ Plunblxb 3.1, pp 116) suffered extensive crack damage . The difference
in structural distress of these two floor systems is attributed to the mobility
of the free foundations of the former over the massive, monolithic supports
of the latter. It is to be recognized thot the concrete arch structures were
subjected to graater total loads, but probably could have had less dumoge,
had the floor slab been free.

V. The Use of Models

Models have been uted to obtain test results. 1t is feasible to design model
tests which will yield mecningful results, The construction ond testings of
models should receive the same care as that of the prototype. The advan-
tage of their use lies in lower total costs of conmstrucrion due to smaiier
physical size. Models were tested in Project 3.6 of Operation Teapor

(pp 95). Unfortunately, little was learned beyend the fact thut the
structure either did or did not tail, ond the fact that sheet aluminum is
weaker than sheet steel. Deflection was found to be a functicn of q

rather than p + 0.25q os normally assured, but the models were not con-
structed to give accurate results,

Madels should be used extensively in laboratory tests in the planning of
full scale tests.

LIMITATIONS

The weapons tests conducted on buried, semiburied, and earth-covered structures, in
must cases, gave the information needed to sotisfy the project objectives. For the

most, these objectives were to determine whether o specific structure would or would
not serve as an cdequate personnel shelter. The writers of this report were interested
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in more than the yes-ar-no answers obtained in the tests. |t wos desired to iso~
late and examine the data in these tests to extraci that information which is
pertinent to the solution of the structural design problem.

The resuits of rhe investhigahion reveal that although a considerable amount of date
was tloken, wuch of it was either debatable in its reliability, incomoaletr in its
scope, or not pertinent to the stroctural problem. When added to the fact that the
structures tested were often standerd structures not designed to carry blost loads,
and, hence, cortoined obvious structurel weoknesses, and that each project wos
different in basic points, giving a seties of isoloted exomples, the resulis of o
correlation become general and rather uninformative. Specifically, it con be
soid that standard assumplions of structural action were not refuted by the test
results,

These full scole test programs were admirably conducted within the imposing
limitations of project objectives, planning time, and financial support. It hos
been learned, for example, that certain types of structures con or cannot be used
os blost shelters. Empirical rules con now be set up to govern the construction of
the types of shelters tested. These rules con be extrapolated with ball-park
accuracy Yo design shelters of somewhat different configurations. It should, how-
ever, be stated thot much of the information is of inadeguote content to do more
for the Feld of structural analysis than suggest trends ond provide beckground for
generafized statements.

RECOMMENDATIONS

Considering buried, semiburied, ond earth~covered construction, the writers
recommend:

{. Thot additional full scole tests be conducted on structures of both
tonciete and steel construction;

2. That the tntel test pragram be placed under the guidonce of a single,
engineering-research-oriented group whose charge it will be to
provide continuity and completeness to the progrom;

3. That oll test pragrems be olonred on the evidence of detoiled
preliminary investigation.,

4. That the tests be designed to yield krowledge specifically opplicable
to structural design for blast loads for conditions of seil, and maisture
content found in more representative sites, this information fu tadicute
both the immediote strengt~ and continued serviceabilily of the struc-
tures tested;

5. That parriculer care be taken to properly instrument the structures and
wutrounding soil to obtain:
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(o) loading modes and magnitudes, os a function of time,
(b) response modes, time-motion history, and distertion magnitudes,
(c) soils-structure interaction characteristics;

6. That the same type of structure be tested repeatedly to evaluate:

(o) the effect of soil,

(b) the effect of berm configuration, and depth of buriol,
(c) the effect of overpressure, and drag,

{d) the effect of duration of load application,

and that the same tests be conducted on both stee! and reinforced con~
crete structures of similar configuration;

7. That in conjunction with these tests, detailed information be obtained on:
(@) respanse of buried shell structures,

) shock isolation of total structures,
{c) shock mounting of structural systems, and components.
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Defense Threat Reduction Agency
45045 Aviation Drive
Dulles, VA 20166-7517

CPWC/TRC May 6, 1999

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATICON CENTER
ATTN: OCQ/MR WILLIAM BUSH

SUBJECT: DOCUMENT REVIEW

The Defense Threat Reduction Agency's Security Office
has reviewed and declassified or assigned a new

distribution statement: iﬂ’

NG
Lo

v e

~ AFSWP-1069, AD-341090, STATEMENT A v

~DASA-1151, AD-227900, STATEMENT A +

~DASA-1355-1, AD-3386843, STATEMENT AOK

-~ DASA-1298, ADb-285252, STATEMENT A .

- DASA-1290, AD-444208, STATEMENT A~

- DASA-1271, AD-276892; STATEMENT A&

. DASA-1279, AD-281597, STATEMENT AV

~DASA-1237, AD-272653, STATEMENT AV

- DASA-1246, AD-279670, STATEMENT A~

- DASA-1245, AD-419911, STATEMENT A ¥

. DASA-1242, BD-279671, STATEMENT A ¢
- DASA-1256, AD-280809, STATEMENT A

—» DASA-1221, AD-243886; STATEMENT AM
- DASA-1390, AD-340311, STATEMENT Al
- DASA-1383—AD-717097, STATEMENT A ©OK
~DASA-1285-5, AD-443589, STATEMENT Ay
-DASA-1714, AD-473132, STATEMENT A+
~DASA-2214, AD-854912, STATEMENT A«
- DASA-2627, AD-514934, STATEMENT A o
~DASA-2651, AD-514615, STATEMENT A »
-~ PASA-2536, AD<8TAEG7, —STATEMENT A-—
~DASA-2722T-V3, AD-518506, STATEMENT A
- DNA-3042F, BD-525631, STATEMENT A «
-DNA-28212-1, AD-522555, STATEMENT A%




If you have any questions, please call me at 703-325-
1034.

Hn Lkl %*A-"Mﬂ

ARDITH JARRETT
Chief, Technical Resource Center



